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Mtop   [GeV/c
2]
Mass of the Top Quark (*Preliminary)
Measurement Mtop   [GeV/c
2]
CDF-I   di-l 167.4 ± 11.4
D∅-I     di-l 168.4 ± 12.8
CDF-II  di-l* 165.3 ±  7.3
CDF-I   l+j 176.1 ±  7.3
D∅-I     l+j 180.1 ±  5.3
CDF-II  l+j* 173.5 ±  4.1
D∅-II    l+j* 169.5 ±  4.7
CDF-I   all-j 186.0 ± 11.5
χ2 / dof  =  6.5 / 7
Tevatron Run-I/II* 172.7 ±  2.9
150 170 190
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Measurement Fit |Omeas−Ofit|/σmeas
0 1 2 3
0 1 2 3
∆αhad(mZ)(5) 0.02758 ± 0.00035 0.02767
mZ [GeV] 91.1875 ± 0.0021 91.1874
ΓZ [GeV] 2.4952 ± 0.0023 2.4965
σhad [nb]
0 41.540 ± 0.037 41.481
Rl 20.767 ± 0.025 20.739
Afb
0,l 0.01714 ± 0.00095 0.01642
Al(Pτ) 0.1465 ± 0.0032 0.1480
Rb 0.21629 ± 0.00066 0.21562
Rc 0.1721 ± 0.0030 0.1723
Afb
0,b 0.0992 ± 0.0016 0.1037
Afb
0,c 0.0707 ± 0.0035 0.0742
Ab 0.923 ± 0.020 0.935
Ac 0.670 ± 0.027 0.668
Al(SLD) 0.1513 ± 0.0021 0.1480
sin2θeff
lept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV] 80.425 ± 0.034 80.389
ΓW [GeV] 2.133 ± 0.069 2.093
mt [GeV] 178.0 ± 4.3 178.5
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Fermilab Tevatron Accelerator With Main Injector
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support en fibre de carbone
(demi-cylindre)
canal de refroidissement
support en beryllium
module (couche 4)
1
2
3
4

6YSÝ 8
&(/9;!#$ ,ﬂYZﬁﬂ#$:'W0 K / )!ﬁ&(  ,I#$/)01/'  H(J ﬃﬂ *ﬃ&(/,*+,ﬃﬂ_!ﬀ ﬂﬁ&( `!C%> ,01%'.`/,ﬀﬃﬃﬂC  ,&(%>I\
:'ﬃﬂ*ﬃ&(/,*ﬁ+,ﬃﬂ ﬁ2!ﬃD :'/ H

EGIDC
X
9ÑàIDF³Ï?Ï kC IDFK9U<EGI/
J
9WBD9W=0H
X
H<HMI/* =:I
VDVDX
Pﬀ*W9LF#;i@)HYC09G0JHM9<F#;'B 1<;0C09 HMFK=0PLC:PL9fh
X
ZHMFﬁ7
;>PLC:HM9<IDC BD9
X
@
V
C09ﬀ*WHod<C09F<EGI/
J
9 BDI
43
B)]9<;:;>9 À»P À! 2²#"BKEGHY;
V
9LC*f9;0;0C09BD9?LE*
V
9LFD=:9LC
X
@
BDPL\GC0@)BA@g;0HMEGF'BD9
X
@ C:PL=:E
X
IK;0HMEGF'BDID9@)IG0JHM9<H
XYX
HM=:=09*f9<FN;BDI BDP;>9ﬀ;>9<IDC =0EGID=
X
 94O9;ﬀBD9<=ﬀC>@)BDHM@g;>HYEGFD=
9<;h
X
@
V
9<C:;09SBK9gL@)FA@)I?gWBD9
X
9ﬀ;>IDC:99<;lB @*fP
X
HYEGC09<C FDE);>@)k
X
9*f9<F#;
X
@C0P<=0E
X
IK;>HYEGFe9LF
V
@)C>@*fd;>C09
B H*
V
@<; BK9L= ;>C0@L9<=ﬀ
         	
    	%	
  
Ò±Ó
  ﬁﬃﬂ "!$#%ﬂ'&(#%ﬂﬃ)+*ﬃ*ﬂ	 &
 #
 #%ﬂ 1
B 5

9

B 9<=:;IDF[BDP;>9ﬀ;>9<IDClh RAkDC09<= =7<HMF#;>H
XMX
@gFN;09L= JIKHLEK*
VDX
d<;>9
X
9
43
B
V
E)IDC
X
@dC09ﬀ<EGFD= 7
;>C0I$<;>HYEGF BD9L=ﬂ;0C>@<9L=fBA@)FD=
X
@
V
@)C:;0HM9L9<F#;>C>@
X
91BKI BDP;>9ﬀ;>9<IDC :%= 6LMN =
ﬃ=Ì
;  Ï
X
LEGFD=:HM=;>919<F
J
IKHY;g
X
HYFDBDC:9L=LEGF$L9LF#;0C0HNID9<=9LF RAkDC:9dBD9) @gC0k%EGFD9
V
E)C:;i@gFN;g
J
@LIDFbBK9LImg LE)I/
J
9L=RBD9%RAkDC09<=
=7LHYF#;>H
XYX
@)F#;09L='BK9>CAKÇ(Wﬁﬀ BD9[BDH @*fd;>C09

@
V
C:9ﬀ*WHodLC:9 LE)I/
J
9[9L=;fE)C0HM9<F#;>PL9?=:9
X
EGF
X
 @"gU9
 ,
C
X
@ =09ﬀ<EGFDBD9  @)HM=0@)F#; IDF1@)FD\
X
9dBK9
H
ﬃﬂ
:[
X
HMFDBDC:9L=RH*
V
@)HMC:=
;]EGI
E
ﬂ
:[
X
HMFKBDC09<=
V
@)HYC0=;S@S0G9
X
@
V
C09*fHdLC09 QRFD9 0JID949LF<EGI
V
9]BZIDFD9
V
@)C:;0HM9
X
HYFDBDC0949L=;
V
C:PL=09<F#;>PL9 =:IDC
X
@ RA\GIKC09 6IDC$

9L=BD9LImg
LEGI/
J
9L=
X
9<=
VDX
ID= HYF#;>9LC:FD9L= EGF#;ﬀIDFD9
X
EGFD\GIK9LIDCBD9ICKﬂÔ=Ô * C
X
9L==0H'gc@gIK;>C:9L=&*W9L=:IDC09<FN;46YSÇ(6 * gQRFK9
C09
V
C0PL=:9LF#;i@ ;>HME)F,=
J
Pﬀ*f@g;0HNID9G<EK*
VKX
d<;09cBDI

B 9L=;aBDEGFDFKPL9e=0IKC
X
@ RA\)IDC09 6YÇY! 9L=\GIKHMBD9<=
BD9
X
I/*fHdLC:9m;>C>@gFD=
V
@gC09LF#;0=
V
C0E
X
EGFD\)9LF#;L
J
@LIDFK9bBD9L=PÝ]ßKâ=â=âARAkDC:9L=m=LHYFN;0H
XYX
@)F#;>9<=ﬀ

@
X
9ﬀ;>IDC:9
BDIj=0HY\GFA@
X
9<=:; @g=0=0IKC0PL9
V
@)C BD9L=
VJ
E);>EJBDHYEUBD9<=)hb@S0)@
X
@)F/
J
9 :"4¶#¶ÚÃ'¾J²
ﬂ
¶#  º%$  2»$º»'& »P ¼2º/²´ # C
(*),+ 
;E)F/<;0HMEGFDFD@)F#;hd;0C]dL=]kA@)=0=:9;>9*
V
PLC0@g;>IDC:9 :C	â.- ; 

@'C0P<=0E
X
IK;>HYEGFﬂ=
V
@g;>HM@
X
9SBD9F
J
@NID9
LEGI/
J
9dBDI
0/
9L=; BD9
X
 EGC:BDC09 BD9Câ=âGWﬁﬀ BD@)FD=
X
9
VDX
@)F 21
4


6YDC38 
&(/ Q!#$ ,ﬂYZﬁﬂe#$:'Q0 K / ,Q?#$!%' 0Q*E`:>%> ,01ﬁ 01/4365  \ #IYZﬃ*Q:X#Uﬂﬁ!/,*!/ﬁQ 87ﬁ20
*I#$ 9&( ,)68 :9ﬁ#$/ ,A@;!W:'ﬃﬂW0/1M *ﬃ&(/,*ﬁ+,ﬃﬂP0;7ﬁﬃﬂﬂ*%> "!%>:>:X#$ "!ﬁﬃﬂ268 aYZ!e@]H
< ﬁ= */ﬂ'&?>@A # * )ﬃ&(#
>@ "ﬂ # *Bﬃ&ﬂ

9
43
/
9;
X
9
*C/
=0EGF#;eHYFD=0P<C0P<=cBA@)FD='IDF =0E
X
PLFDE`k	BD9f=0I
V
C0@LE)FDBDI/;>9LIKCeBD9PÔ=â(* BK9
C>@ GEGF>

@ *ﬂ@g;0Hod<C09 E)C7*f@)F#;
X
Z9
V
@gHM=0=:9LIDC BD9L9; @)H*f@)F#;F<EGC0C:9L=
V
EGFDBhmIDFK9
X
EGFD\)ID9LIDC BD9eC>@ED
BDH @g;0HMEGF B CF
HG


9 
J
@*
V
*ﬂ@)\)FDP<;0HNID9 h
X
ZHMF#;0PLC0HY9LIDC BDIfBDP<;09ﬀ;>9LIKC BD9R;0C>@<9L= 9<=:;]IDFDHE)C7*W9C
B IKFD9:0)@
X
9LIKC BD9765:

@= @)C;>9BDI 
J
@*
V
*ﬂ@)\)FDP<;0HNID99L=;SBDEGFDFDP<9
V
@)C
X
@JIA\)IDC0976Y i$
 C0E)HM= BDEK*f@)HYFD9L= 9<F
V
=:9LIDBKEGC>@
V
HMBDH^;>P=0E)FN;SBDHKOP<C09<F/LHYPL=
X
EGC:= BD9
X
@eC09LEGFK=:;>C:I/<;0HMEGFBD9<=;0C>@ED
9:9ﬀ<;0EGHMC:9L=BK9L=
V
@)C;>HLI
X
9L= 
J
@)C0\GP<9L=
V
EGIDCR;09LFDHYCFLE*
V
;09cBD9
X
n@ﬀL9
V
;i@gF/L9eBD9<=BDHLK PLC:9LF#;>==:EGID=MD
BDP<;09ﬀ<;09LIDC:=.8
c
= 6ALHMON=N
ﬃÌO
8 @)FD= <9<;:;>9 C0PL\)HMEGFC
X
@U<EGI$0)9LC:;0IDC09'BDI
0/
9L=:;R;>E);>@
X
9

9L= LEGI
V
= BA@)FK=
X
9
0/
9;
X
9
43
/
=0EGF#;'IK;>H
X
HM=:PL=
V
EGIDC'C:9ﬀ<EGFD=:;0C0IDHYC09
X
9L=a;>C0@L9<=ﬀC NIDH]BDE)H0G9<F#;';>E)IK;>9<=
@S0GEGHYC BD9L=LE)I
V
=SBA@)FD=
J
@NID9)LE)I/
J
9 BDI
C/
:C	ÔLEGI
V
=
; 
c
ﬃ=Ì
 = 6ALHMON
= N58

@?LE)I$0G9<C:;>IKC09 BKI
0/
F 9<=:;
V
@)=ﬀ;>E);>@
X
99;
X
9L=ﬀ;>C0@L9<=4E)FN;R*WEGHMFD=ﬀBK9
LEGI
V
= BA@)FD=<9=0EGID=MD BDP;>9<;>9<IDCﬀP @gFD=L9<;:;>9aC0P<\GHME)FC
X
9
43
/
9;
X
9
0/
=0EGF#;SIK;0H
X
HY=0P<=ﬀ
QSR@T
YBQq
T
rsCYs$^;U	Y+^RVU	OSRXWEOﬂq
T
UZY\[2]_^2`q^E^;Y?ZÚ\q
T
U	a"s
T
YB\Y^bW;Y:UZY c
T
Y[^;rOﬂYBT qXdY
TeT
Y\$R^gfC^EYTGZEZhWE^ERWCQs
T
r
\qsC^®s
T
c[QﬂYi`jWE^;q
T
U	Y6kXlXm't
    	%	
  
Ò±Ó
 
-400
-200
0
200
400
-400 -200 0 200 400
y 
(cm
)
z (cm)
Toroid
Solenoid
21.78
12.84
21.78
20.12
20.00
20.12
21.80
12.85
21.80
1.00
0.65
0.32
0.25 .63 .39 .30 0.29 0.24 0.25
0.16
0.18
0.37
0.45
0.34
0.33
0.45
0.41
0.19
0.20
0.15
0.200.220.24.24.210.08
0.32
0.65
1.00

6Y i8 
#$!ﬁ 01/ *+?#$-  -)#$<= ,ﬀ!%'."/,n01/ ﬂﬁ&(:'ﬀ ,&S0 0 3 5 H_J ﬃﬂaY(#$:'/ﬁﬂa01/ *ﬁ+?#$-  ﬂﬁ&( `!
%> ,01%'.`/,ﬀﬃﬃﬂW  6 
	1H @]H
c
= 6ALMN
= N78^bU9<I
XX
9
3
/
<EGI$0JC09?<9 BKEK*ﬂ@gHMFD9BD9
V
=:9LIDBKEGC>@
V
HMBDH^;>P

9<=ﬀ;>C>@;9:9ﬀ<;0EGHMC:9L= BD9<=
V
@)C:;0HLI
X
9L= 
J
@)C0\GP<9L=l=0EGF#;lC09LEGFK=:;>C:IDHY;09L=lC09
X
@g;0H0G9*f9<F#;l@)I=L9LF#;0C09S\GPLEK*WPVD
;>C0H%NID9dBKI1BDP;>9ﬀ;>9<IDCﬀ

@ ;>C0@39:9ﬀ;>EGHYC09 B IKFD9
V
@)C;>HLI
X
9)
J
@)C0\GP<9'BA@gFD= IDF(
J
@*
V
*f@)\GFDP;>HNID9
IDFDHE)C7*W9'9L=;aIDFD9
J
P
X
H<9OQRFD9eBD9<=7<C0H
V
;>HME)F
VDX
ID=:<EK*
VDX
d;>9
V
9LIK;;>C:9c;>C0E)I$0GP<9WBD@)FD=
X
@ﬂC:PP D
C09LF$L9 Æ ß?C'È 

9<= BDP EGC7*f@g;>HYEGFD= BD9
X
@ ;0C>@39:9<;0EGHMC:9
J
P
X
HLEGk BA@
X
9HYBDP @
X
9BDID9L= h
X
@?*ﬂ@ ;>Hod<C09;>C0@;0)9LCMD
=0PL9
V
@)C
X
9L=
V
@)C:;0HLI
X
9L=S9<;@)Img1BDP @)IU;>=B @
X
HM\GFD9*f9<F#; =:EGF#;
V
C0HY=09<=9LFA<EK*
V
;>9

n@;9:ID=:;09ﬀ*W9LF#;
BD9L=
V
@)C>@*jd<;0C09<=9<;aBD9
X
@L*f@g;>C:H<9'BZ9LC:C09LIKCBD9L=;0C>@<9L=9<=:;aC0PL@
X
HY=0P'@)IA*fE )9LFhB @
X
\)EGC0H^;
J
*W9L=
BD9	-a@
X
*f@)F Ælß6CÈ C+JIKHcLE)FD=:;0HY;>IK9LF#;aIDFD9G0)9LC0=:HMEGF @*fP
X
HME)C0PL9 BD9
X
n@39:IK=:;>9*f9<F#;
V
@)C
X
@O*WP<;
J
EUBK9
BD9L=*WEGHMFKBDC09<=8 @gC0C0P<=ﬀ

9 BD9
X
 @39:ID=;>9*f9<FN;c9L=:; IU;>H
X
HM=:PO<EK*O*W9 <C0HY;]dLC:9mBD97NIA@
X
HY;0PmBD9
X
@
C09ﬀ<EGFD=;>C0I$<;>HYEGF BZIDFD9ﬂ;0C>@<9

@
X
H*WHY;09WHYF$PLC:HM9<IDC09f=0IDC
X
 H*
V
I
X
=:HMEGFh;>C0@)FD= 0G9LC:=09[BZIDFD9m;0C>@<9
C09ﬀ<EGFD=;>C0IKHY;>9 9L=:;ﬀ231
Î
ﬁﬀ
9ﬃﬂ  

9 ;>C0@39:9ﬀ;>EG\GC0@
V?J
9 FD9
V
9<C7*W9<; JIK9BD9C09LEGFD=;>C:IDHMC:9
X
@d;0C>@ED
9:9ﬀ<;0EGHMC:949; BKEGF/
X
 H*
V
I
X
=:HMEGFBZIDFD9
V
@)C:;0H<I
X
9
J
@)C:\GPL9C
V
@g==:EGFcPLFK9LC0\)HM9

@gC BDP  @)IK;SC
X
@*f@)=0=:9
BDI
V
HYEGF :hﬀ"!$#&%'

Í>Ì)(
ﬀ
9ﬃﬂ *PÆﬂÇ$È ;a9<=:;'H*
V
EG=:PL9
V
E)IDCdC:9ﬀ<EGFD=:;0C0IDHYC09
X
@ JID@)BDC0H D H*
V
I
X
=0HYEGF
B IKFD9 ;0C>@<9

 9,+U @<HY;>P BD9 C09LEGFD=;>C:I/<;0HMEGFTBD9L=;>C0@L9<= 9L=; H
XMX
ID=:;0C0PL9
V
@)C
X
@	IA\GIDC:9 6I%C	âY

9<=
C0PL=:E
X
IU;>HME)FD=9<FeH*
V
I
X
=0HME)Fd9;ﬀ9LFeH*
V
I
X
=0HYEGFa;>C>@gFD=0)9LC0=:9 BD9L= ;0C>@<9L= C:9ﬀ<EGFD=:;0C0IDH^;>9<=ﬀ=0EGF#;ﬀBDE)FDFDPL9<=
          	
    	%	
  
Ò±Ó

6Y C	â8 
*I#(*%>!ﬁﬀU!l!#$/1M[0D-)#$/Y(#$%'ﬂﬁ)ﬁﬃ*ﬃ&( ,ﬂ!/,*!%'&( 0ﬃﬂ !#(*ﬃﬃﬂl0,#$ ,ﬂ 3 5  [T&( ,*!%'&( n0
:SK %>- /:'ﬂﬁ%'&( a!#$ ,ﬂYZﬁﬂﬁ=H
 (GeV/c)
T
p
-110 -110×2 1 2 3 4 10 20 210
T
/p Tp
σ
-310
-210
-110
1
p (GeV/c)
-110 -110×2 1 2 3 4 10 20 210
/p p
σ
-310
-210
-110
1
1 coup SMT, <7 coups CFT
1 coup SMT, >=7 coups CFT
2 coups SMT, >=7 coups CFT
3 coups SMT, >=7 coups CFT
4 coups SMT, >=7 coups CFT

6Y C C 8
ﬀﬃﬂ&(:>/!%'&( V U%>- /:'ﬂ%'&( V!#$ ,ﬂYZﬁﬂﬁ26 <"#$/,*+,A@4!R %>- /:'ﬂ%'&( 6l01ﬁ&(%>!ﬁA@ 0ﬃﬂR!#(*ﬃﬃﬂ
ﬁﬃ*ﬃ&( ,ﬂﬁ!/%>!ﬁﬃﬂIH"J ﬃﬂ4ﬀ!ﬁ&(%>:'ﬃﬂ  ,&(%>ﬁﬃﬂ4*ﬃ&(ﬁﬃﬂ9&( ,0 "!_#$/1M2!#(*ﬃﬃﬂ YZﬁﬂC:SKL#IY(#$ `!R& :X# *ﬃ&(/YZ!/ﬁ01/J35 
ﬃﬂﬁ! -D&(%> ,ﬂ 9&(  , 6 a*ﬃ&(/,ﬂU0,#$ ,ﬂ):'  \B-D&(%> ,ﬂ 0	 *ﬃ&(/,ﬂU0,#$ ,ﬂD:' 35  @]HCJ^ﬃﬂD!#(*ﬃﬃﬂU#IYZﬃ*
#$/ -D&(%> ,ﬂ
	f*ﬃ&(/,ﬂ 0,#$ ,ﬂ2:' 365  ! 0  ﬃ[*ﬃ&(/,ﬂ 0,#$ ,ﬂ2/ , *ﬃ&(/,*+, 01/  ﬂﬁ&( `!2 ﬀﬃﬂﬁ `!ﬁﬀ
ﬁﬃ*9ﬃ*!%>YZ-D "!4?#$ 0ﬃﬂC01%'ﬂﬁ.`/,ﬃﬂBﬁ&(/<ZﬃﬂI\Z0ﬃﬂC!%X#$ <=:'_YZ!I\Z0ﬃﬂ !%X#$ <=:'	:'/,ﬂ ! 0ﬃﬂC*I#$ﬁﬀﬃﬂ YG%'&(:'!ﬁﬂIH
=0IDC
X
@ IA\)IDC09B6I%C CE]9;0;>9'C0PL=:E
X
IU;>HME)F19L=;BD9
X
 E)C0BDC:9'BDI
V
EGIDCL9LF#;
V
EGIDCRBD9L=;0C>@<9L=B> H*
V
I
X
D
=0HME)F LEK*
V
C:HM=09f9LF#;>C:9mIDFD9M<9LF#;i@gHMFD9mBK9
ﬀ
9ﬃﬂ Pm9<;5NID9
X
NID9<=a9ﬃﬂ 

@TBDPL\GC0@)BA@g;0HMEGF`BD9
X
@
C0PL=:E
X
IU;>HME)F
V
E)IDC
X
9<=\GC>@)FKBD9L=H*
V
I
X
=0HYEGFD=R9L=:;
X
HMPL9Vh
X
 @)ID\K*W9LF#;i@ ;>HME)FbBD9
X
ZHMF$L9LC;>H^;>IDBD9'=0IDC
X
@
LEGIDC:kDIDC:9ﬀﬃ. @gHMk
X
9 H*
V
I
X
=:HMEGF>CL9;0;09 BDP<\GC>@)BD@g;>HYEGF
V
C0E;0JHM9LF#;4BD9L=4BDHLK ID=:HMEGFD=*cI
X
;>H
VDX
9<=ﬀBA@)FD=
X
9
BDP<;09ﬀ<;09LIDC
 ﬁ= */ﬂ'&?>@A # * )ﬃ&(#
>@ ) -'ﬂﬃ*/#%ﬂ$0ﬃ* 
 
 *ﬂ
QSF @39:ID=:;09ﬀ*W9LF#;WBD9
X
ZHMF#;09LC0=:9ﬀ;>HME)F BD9L=e;>C0@L9<= C09ﬀ<EGFD=;>C0IKHY;>9<=
V
9<C7*W9<;eBD9[C:9ﬀLE)FD=:;0C0IDHYC09
X
9
0G9LC;>9Ig
V
C:H*f@)HMC:9 BZHMF#;>9<C>@;>HYEGFfBK9
X
ZP0)PLFD9*f9<F#;S

@
V
E)=0HY;0HMEGF BD9 L9g0G9LC;>9Ig
V
C:H*f@)HMC:9 9L=; @
X
EGC0=
    	%	
  
Ò±Ó
   
IK;>H
X
HM=:PL9
V
E)IDCG @
X
LI
X
9LC LEGC:C09<;>9*f9<F#;
X
9L= JID@)BDC0H D H*
V
I
X
=0HYEGFD=aBD9<=eEGkI9:9<;0=
V?J
J=0HNID9<= C09ﬀ<EGFD=MD
;>C0IKHY;>= :;>C0@L9<=ﬀC"9:9;>=C P
X
9<;0C0EGFD=C+*cIDE)FD=ﬀC11D;ﬂ9<;[BDEGH^;?BDEGF$ <;>C:9 LEGFDFNID9,@S0G9
V
C0PLHM=:HMEGF>

@
C0PL=:E
X
IU;>HME)FT=:IDC
X
@
V
EG=0H^;>HME)F1BDI(0)9LC;>9Ag
V
C0H*ﬂ@gHMC09HYF#;>9LC 0JHM9LF#; PL\#@
X
9ﬀ*W9LF#;RBA@)FD=
X
9L= @
X
\GE)C0HY;
J
*W9L=
B HYBD9LF#;0HLI L@g;>HYEGFbBD9 9:9;>=BD95NIA@)C .NIDH C09ﬀ
J
9LC7
J
9LF#;cBD9<=;>C>@L9L=BKP
VDX
@LP<9L=
V
@)CC0@
VDV
EGC:;@)I
0G9LC;>9Ig
V
C0H*ﬂ@)HYC09 : 0GE)HMCﬁ
J
@
V
HY;>C:9 A$; 
bU9LI
X
9L=
X
9L= ;>C0@L9<= =0@g;>HY= @)HY=>@)F#;IDFD9 NIA@
X
HY;0P =0I +W=>@gFN;09 =0EGF#; IK;>H
X
HM=:PL9<=
V
EGIDC C09LEGFK=:;>C:IDHMC:9
X
9L=
0)9LCMD
;>9AgXﬃH
XYX
9L=4BDEGH10G9LF#;S@S0GE)HMC @)I*WEGHMFK=]BD9<ImgM<EGI
V
=BA@)FK=
X
9
3 /
9<;
X
9LIDC4H*
V
I
X
=:HMEGFW;>C0@)FD=0)9LC:=09
BDEGHY; 0GP<C0HLID9LC1 
Ì	
9ﬃﬂ 

n@
X
\GEGC:HY;
J
*f9 BD9eC:9ﬀ
J
9<C7
J
9WBDIQ0G9<C:;09Ag
V
C:H*f@)HMC:9)EGF$<;>HYEGFDFD9
9LFBD9LImgP;i@
V
9L=QRF 0G9LC;>9IgBA@)FD=
X
9
VDX
@)F?;>C0@)FD=0)9LC:=09 :
'*
; C/LE)C0C09<=
V
EGFDBA@gFN;Qh
X
@
V
EG=0H^;>HME)F?BDI
 @)HM=L9 @gIC9L=:;C09ﬀ<EGFD=;>C0IKHY;9<FbIK;0H
X
HY=>@)F#;;>E)IK;>9<=
X
9<=R;0C>@<9L=BDE)FN;
X
@W=0HM\)FDHLI L@)F/<9d9<F
V
@)C>@*fd;>C09
B H*
V
@<; ;>C0@)FD= 0G9LC:=09 :  Þ A$D6Y C?;lC:9
X
@ ;>H0)9ﬀ*W9LF#;]@)I L9<F#;>C09 BDImBDP;>9ﬀ;>9<IDC

&
ﬀ9L=:; HMF$P<C0HM9<IDC09
hC	â=âY

@ NIA@gBDC0H D H*
V
I
X
=0HYEGFeBD9F
J
@AJIK9 ;>C0@L9@gHMFD=:HNID9 =>@8*f@g;>C:H<9RBZ9LC:C09<IDC]=:EGF#;@
X
E)C0=
V
C0ED
V
@)\GP<9L=lhL9:0G9<C:;>9IgX
QSFD9aC09ﬀ
J
9LC7
J
9
VDX
ID=_IAFD9 BDIM0G9<C:;>9IgT9L=:;R@
X
EGC0=]9 K 9ﬀ<;0IDPL9d9LFIK;>H
X
HY=>@)F#; IKFDHNID9*f9<FN;
X
9L= ;>C0@L9<=
BDEGF#;
X
@h=0HY\GFDHI  @)F$L9m;>C0@)FD= 0G9LC:=09TC09
X
@g;>H10G9*f9<FN;W@gIf0)9LC;>9Ag
V
C:Pﬀ<PLBD9*O*W9LF#;U @
X
LI
X
P?9L=;fHYF$PVD
C0HM9<IDC09Vh ß/]9<;:;>9eBD9<C0FDHdLC:9LEGI
V
IDC09
V
9LC*f9;aBD9eC09 9:9<;>9<CBD9L=;0C>@<9L=aHM=:=0ID9<=BD9G0G9<C:;09Ag,=09LEGF D
BA@)HMC:9L=lBDP
VKX
@<PL=ﬀCILC:PLP<=
V
@)ClBD9L=
V
@)C:;0HLI
X
9L=hd\)C>@)FDBf;>9ﬀ*
V
=4BD9 0)E
X
:
J
@)BDC:EGFD=4k 9L@)ImgXC$
J
@gC7*WPL=ﬀC
EGI[P<;>C0@)FD\G9<=ﬀC <EGFB0G9LC:=0HYEGFD=SBD9
V?J
E);0EGFC
X
9
V
;>E)FD=D11 ;]EGIBD9<=;0C>@<9L=*f@
X
C09LEGFK=:;>C:IDHY;09L=
 9L=e@*ﬂ@)=aBD9f;>C>@L9L=d=0EGF#;GE)C7*WPL= 9LF @)=:=0EILHM@)F#;'H^;>PLC0@g;>H10G9*f9<FN;
X
9<=d;0C>@<9L='BKEGF#;
X
@
V
E)=0HY;0HMEGF
=09
X
EGF
X
n@ZgK9
,
=09 =0HY;0ID9 h8*fE)HMFD= BD9I6 ﬀ* BD9
X
@
V
EG=:HY;>E)FﬂBD9
X
 @*ﬂ@g=ﬀ

9L=];0C>@<9L=4BD9
VDX
ID=]\)C>@)FDBK9
H*
V
I
X
=:HMEGFW;>C0@)FD=0)9LC:=09'=:9LC 0G9LF#; BD9
V
E)HMF#;BD9aBDP
V
@)C:;S9<;
X
@
V
EG=;>HYEGF?BD9
X
 @*f@)= 9L=;SC09ﬀL@
X
<I
X
P<9Dh

J
@NID9e@39:E)IK; BK9d;>C0@L9OQSF(0G9<C:;09Ag19L=:;@
X
E)C0=R@39:ID=:;0P'9<FbIK;>H
X
HY=>@)F#;SIDF I
X
;>C:9dBD9J-a@
X
*f@)F³ÆlßA]È 

9<= JID@)BDC0H D H*
V
I
X
=0HYEGFD=49<;
X
9L=*f@g;>C:H<9L= BZ9LC:C09LIKCRBD9<=S;0C>@<9L=S=0EGF#;SPL\G@
X
9*f9<FN;SC:P @39:ID=;>P<9L=
X
EGC0=
BD9?L9<;:;>9
V
C:EY<PLBDIDC:9
ﬃ L@)ID=:9dBD9
X
Z9ﬀ*
V
H
X
9ﬀ*W9LF#; BK9L=SP0GP<FD9ﬀ*W9LF#;0= 9<;RBZP0)9LF#;>ID9
XMX
9L= HYF#;>9LC0@<;0HMEGFK=ﬁ*cI
X
;0H
VDX
9L=CKH
XV
9LIU;
1@S0)EGHMC
VKX
ID=:HM9LIKC0= 0)9LC;>9AgbC09LEGFD=;>C:IDHY;0=
V
E)IDC IDFA* ﬀ*W9'P 0GP<FD9ﬀ*W9LF#;S QRFD9e=:9
X
9<;0HMEGF
V
C0EGkA@gkDHD
X
HM=;>9mkD@)=0P<9=:IDC
X
@1BKHM=:;0C0HYkDIK;>HYEGF 9LF H*
V
I
X
=0HYEGF_;0C>@)FD= 0G9<C0=09BD9<= ;0C>@<9L=W@)=:=0EILHMP<9L=
V
9LC7*W9<; BK9
BDP<;09LC7*WHMFK9LC
X
9F0)9LC;>9Ag
V
C0H*f@)HYC09 BK9
X
 HYF#;>9LC0@<;0HMEGF Ælß=ß]È 

@ IA\)IDC09.6Y C?6hH
XMX
ID=:;0C09 <9LC;i@)HYFD9L=  @gC>@;>PLC:HM=;>HNID9<= BD9L= 0G9<C:;>9Ig
V
C0H*ﬂ@)HYC09<=cC09LEGFD=;>C:IDHY;0=ﬀ

@
BDHM=;>C0HYkDIK;0HMEGF
X
E)FD\GHY;0IDBDHYFA@
X
9'BDI 0G9<C:;09Ag
V
C0H*f@)HYC09e9L=;cIDFK9ﬂ\#@)IK=0=0HY9LFDFK9mBD9
X
@)C0\)9LIDC76=Ýﬀ* C
<9
JIKH/9:IK=:;>HIA9
X
@
X
EGFK\GID9LIKCRBDI
3
/


@ C0P<=0E
X
IK;>HYEGFT=:IDC
X
@
V
EG=:HY;0HMEGF[BDI 0G9LC;>9Ig
V
C0H*f@)HYC09BA@)FK=
X
9
VDX
@gFW;0C>@)FD= 0G9<C0=099<=:;4BD9IA(C W* BA@gFD=
X
@
V
@)C:;0HM9gL9LF#;0C>@
X
9RBDIfBDP<;09ﬀ;>9LIKC :
V
EG=0H^;>HYEGF =09
X
EGF
,
BDI
0G9LC;>9IgHMF$P<C0HM9<IDC09Dh·ßKâ* ; 

9ﬁ* ﬀ*W9]; 
V
9B @
X
\GEGC0H^;
J
*W9
V
9LIU; <;>C:9 IK;>H
X
HY=0P
V
EGIDC C:9ﬀ<EGFD=:;0C0IDHYC09BD9<=0)9LC;>9Age=09ﬀ<EGFDBA@gHMC09<=
BDP
VDX
@LP<=
V
@)CC>@
VDV
E)C:;d@)IA0G9<C:;>9Ig
V
C0H*ﬂ@)HYC09E]9<=)0)9LC:;09Ag,=:9ﬀLE)FDBA@)HYC09L= =09<C0)9LF#;cFDEg;i@*U*f9<F#;Dh
HMBD9<FN;0HLIA9<C
X
9L=	9:9;>= BK9=>@S0G9<IDC0=
X
EGIDC0BK9L= EGI hcC09ﬀ<EGFD=;>C0IKHMC09 BD9L=+*WEJBD9L= BK9BDPL=:HMF#;>P<\GC>@ ;>HME)FD=]=
V
P D
LHLI?JIK9L=]BK9
J
@)BDC:EGFD=KQSF?9AgU9LCLH<9HMF#;0PLC09<=0=0@)F#;ﬁLEGFK=0HM=;>9Qh'HMBD9<F#;>HLID9LC
X
9L=0G9<C:;>9Ig h BD9LImgf;>C0@L9<=
9LFeH*
V
EG=>@)F#;
X
@ *f@)=:=09]BK9
X
ZP
X
9<;0C0EGF
V
EGIKC&
J
@NID9 ;0C>@<9

9<=&0G9LC;>9Ig @)HYFD=0HJBDP<;09LC*fHYFDPL=&<EGC0C:9L=MD
V
EGFKBA@)F#;Wh IDFK9ﬁ*ﬂ@)=:=09 HYFB0)@gC0H @gFN;09R0)EGHM=:HMFD94BD9Hâ
V
C:E30JHY9LFDFD9<F#;*ﬂ@39:E)C0HY;>@)HMC:9ﬀ*W9LF#; BD9ﬁLE)FT0)9LC:=0HME)FD=
BD9
V?J
E);>EGF :  ";ﬁﬀﬃﬂ "!#ﬀ *$ﬀ%'&od)(*+ ,- ./%0*ﬀ/%0*1, (ﬀ 2*1+)3ﬃﬂT0ﬃ*)('&43ﬃﬂ '*65 ('37 , &80ﬀﬃﬂ%", ﬂ &D
7,9*ﬀ*:*)ﬂ% ;,ﬁﬀﬃﬂ !8*65
J
3%03<ﬂ=%'(0ﬀS0<*1('*>9*?!#ﬀ)*=ﬀ%'&od1('*C7!#ﬀ>5@3ﬃ'&8%'&43<ﬂ$ *F1*)+0<*1(%'*AgA*1%+3ﬃ(%0**$*1ﬂ%
)3<(('.)!8.)*Uh=!#ﬀ:B<.)3*$./%0('&8* ,C ./%0*ﬀ/%0*1, (ﬀEDFﬂ *G%'*)!8!4*H%03K*:3<B<('ﬀﬃ5
J
&8* ,C ./%0*ﬀ/%0*1, (H * 0ﬃ*)(I%0*AgJ*)I%
 P     	
  	
 
 
Ò±Ó
Number of Vertices
0 2 4 6 8 100
500
1000
1500
2000
2500
Entries  5000
Mean    1.726
RMS     1.011
Vertex track-multiplicity
0 10 20 30 40 50 60 70 800
20
40
60
80
100
120
140
160
180
Entries  5000
Mean    20.01
RMS      11.2
2χVertex 
0 1 2 3 4 5 60
20
40
60
80
100
120
140
160
180
200
Entries  5000
Mean    1.957
RMS      1.02
Z distribution [cm]
-100 -80 -60 -40 -20 0 20 40 60 80 1000
20
40
60
80
100
120
140
160
Entries  5000
Mean    2.595
RMS     27.57
 / ndf 2χ   74.5 / 89
Constant   2.54±   141 
Mean      0.396±  2.81 
Sigma     0.294±  27.1 

6Y C?638
/,:'."/,ﬃﬂ;*I#$#(*!ﬁﬀ%'ﬂ!%'.`/,ﬃﬂ;0ﬃﬂ YZ!ﬁ]MDﬁﬃ*ﬃ&( ,ﬂﬁ!/%>!ﬁﬂR0,#$ ,ﬂR0ﬃﬂRﬀYZﬀ ,-D "!ﬁﬂ;-l/:>!% 9! "0
<"#$/,*+,  01ﬁ&(%>!ﬁQ!0 ?#(ﬂ +?#$/!I\ :X#)- /:>!%>:>%'*%>!ﬁﬀD0QYZ!ﬁ]Mf?#$ﬀYZﬀ ,-D "!I\ :X#)- /:>!%>:>%'*%>!ﬁﬀD0
!#(*ﬃﬃﬂR?#$;YZ!ﬁ]M \`:'

?#$_0<=ﬁﬀP0P:>% 9!ﬁﬀ0P:SKL# 9 /,ﬂ!ﬁ-D "!W01/ YZ!ﬁ]M !R:X#  &=ﬂﬁ%>!%'&( ﬂﬁ:'&( O201/
YZ!ﬁ]M H
-10
-5
0
5
10
-10 -5 0 5 10
x (cm)
y 
(cm
)
0
10
20
30
-50 0 50
z (cm)
ra
di
us
 (c
m)

6Y C A8
&(-D&(<=#$+%' 01/  ?#$ ﬁﬃ*ﬃ&( ,ﬂ!/,*!%'&( 0ﬃﬂlYZ!ﬁ]Mﬁﬀﬃﬂ 



HJ^#j &=ﬂ%>!%'&( 0ﬃﬂ
YZ!ﬁ]M ﬁﬃ*ﬃ&( ,ﬂ!/%>!ﬁﬂP0,#$ ,ﬂW:'l:X#$ a!#$ ,ﬂYZﬁﬂﬁ! " 62<"#$/,*+,A@W!0,#$ ,ﬂ:' :X#$ $#=O 6 01ﬁ&(%>!ﬁA@_9-D!
0 -D!!ﬁ2 ﬀYG%'0 ,*ﬃQ:'ﬃﬂ01%&% ﬀﬁ "!ﬁﬃﬂl*ﬃ&(/,*ﬁ+,ﬃﬂ01/ 0ﬀ!ﬁﬃ*!ﬁ/#$/ ﬂ%>:>%'*%>/-a\ :'ﬃﬂPﬁ- %'ﬁﬂ01%'ﬂﬁ.`/,ﬃﬂ 
#$%> ,ﬂﬁ% ."/, :'ﬃﬂ_ﬁ- %'ﬁﬂP*EG:>%> ,01ﬁﬃﬂW01/8365  68*]T H?7,<=/ﬁﬃﬂ ﬁ1H(' !ﬁ1H 	=@]H
    	
 
 
Ò±Ó
 * 
5 ('.1'*)ﬂ%'.)*5ﬁﬀﬃ(=!#ﬀ I B<, ('* 6Y%CA$ 2*/%*Ag *)()&)*C&8!4!4,9%0(* !8*)O ﬀﬃ5ﬁﬀ)&8%'.)-9*C('*)3<ﬂ I%0(,/1%'&43<ﬂ  *1
%0(0ﬀ)*)+*/% 9*)ﬁ0<*1(%0*Ig  ,%0(0ﬀ;9*ﬀ1%'3<B<('ﬀﬃ5
J
* * 6ã 
£6¤;£6¤[Z  å­	ﬁ_%ª.©]¯   I¨2©$¯
 <ﬀ ﬁﬃﬂ B!$#%ﬂ &(#%ﬂﬃ)"*BB"ﬂ 
Dﬂ' ﬂ ﬂﬃ*iﬂ

*$'3<!8.)ﬂ 3Gk  *U)3<(('*)5@3ﬃﬂ  h ,9ﬂ *=!83<ﬂ B<, *1, (> *=('ﬀﬃ &#ﬀ %0&43ﬃﬂ 9* HF

*/% !8*) Bﬃ*)( *)G.)!8*ﬀ1%'('3D
*=ﬀﬃBﬃﬂ .1%'&;, *)H5 *),Y0<*)ﬂ%8)3K*U*$*1ﬂ/)*1(DhA'*: .0ﬃ*)!43ﬃ5 5@*1(ﬁﬀﬃﬂ ))*/%'%0* (.)B<&83<ﬂ

3<, (>ﬀ*:.)!4&83<('*1(6!4ﬀ
('*ﬀ13<ﬂ I%0(',$1%0&83<ﬂC *1H.)!8*ﬀ1%'('3<ﬂ9ﬀC 9*)? ./%0*1%0*1, (' * 5 &4*1 ? * Bﬃ*)( * 3<ﬂ%6.1%0. &4ﬂ I% ﬀﬃ!8!4.)F*)ﬂ%'('* !4*
'3<!8.)ﬂ 3Gk  *H*1% !4*:)ﬀﬃ!43ﬃ('&*jd1%'('*

* .1%'*ﬀ1%'*), ( )*1ﬂ;%'(0ﬀﬃ!I×  :;× ²¼2ºÚ´[¹¾³´0²
  2»
	 ²´ ;*)% 7!8&4ﬂD
 ('&%7,9*2*1% '&8%', .ﬀ,9%03<,9(  , 3<!4.1ﬂ 3Gk 9*

*" .1%'*ﬀ1%'*), (ﬀS0ﬀﬃﬂ%3°  :E°³»$´	3¹´[Ù´²
  2»
	 ²´ ;E*)I%
&4ﬂ I% ﬀﬃ!8!4.', (6!4*)@3<,$
J
3<ﬂ ?9,A ﬀﬃ!83<('&*fd/%0('*C ﬁﬀﬃﬂ ?!4ﬀ$(.)B<&83<ﬂC&4ﬂ%'*)(71(ﬃ3<%0ﬀ% :[  IÞ 6I 6Y A$ A$; Ï !8
'3<ﬂ%ﬁ13K*$5 3<.) *ﬁﬀﬃ('(* ﬀﬃ,?g- *67)&8ﬂ%0&4!8!#ﬀ%'*), ("3ﬃ('Bﬀﬃﬂ9&4'.12*1ﬂG6 :
 +
4;3<, A>:
 +
 ; )3ﬃ,/
J
*)

*:13 *1, ( *:
J
ﬀA7,9*ﬁﬀ('('*)ﬀﬃ,*)I% *Ig7%0(',9 .5@3<,9(+ﬀﬀ1, *)&8!4!4&8(",9ﬂ *CI ('*H59!#ﬀﬃI%0&;, *9;, &  .ﬀ)ﬀﬃ!4*H!4ﬀ
!43<ﬂ Bﬃ, *), (F 3<ﬂ  * 9* !#ﬀ:!4,/*:&od1('*.ﬀ*:&4* *1%Hﬀﬃ', ('* 'ﬀL)3<!8!4*1%0*

*1?B<, &8 *)?9* !4,/*:&od1('*H%0('ﬀﬃﬂ MD
5ﬁﬀﬃ('*1ﬂ%0 ;, &+5 (3<!43ﬃﬂ B<*)ﬂ%O)*1 I (*)=ﬀﬃ&4ﬂ & ;, *J!8*): .1%'*ﬀ1%'*), (
(J),+

*1%-!  .1!4*1%0(3<ﬂ &%7,9* 9*
!4*ﬀ/%0, (* 3<ﬂ%2&8 *)ﬂ%'&;, *)Ph 1*),mg$ ,
*C/


ﬀ>B<.)3K*:.1%'('&8* *)ﬁﬀﬃ('(* ﬀﬃ,?g=*/%2!4ﬀ>I%0(,/1%', ('*  ,9ﬂ *
)3<,/
J
*6*)I%29.ﬀ)(&8%'* 5ﬁﬀ("!4ﬀCI B<, ('*I6Y Cß/

*)  .1%'*ﬀ/%0*),9(' *F5 &8*)   *6Bﬃ*)( *3<ﬂ%Ph>!#ﬀ:3<&4 3 +O1*

6Y Cß?8
 
<"#$/,*ﬁ+, m/ ?#$ﬁI#$/ 01/ 0ﬀ!ﬁﬃ*!ﬁ/ 0l%'ﬃ0ﬂ 0Q<Z 9=H
 
01ﬁ&(%>!ﬁ  ﬂ!/,*!/ﬁ20 K / ,
*ﬃ&(/,*+, 01/83  68 a+?#$/!e@;!01/ 5  68 ?#(ﬂe@]H
 *=%0('ﬀ39*ﬀ/%03<Bﬃ(0ﬀﬃ5
J
*-*1% 9*  ﬀﬃ!83<('&*fd/%0(*
ﬀ
ﬀﬃ!
J
*), (*), *ﬀ*:*)ﬂ%SC
 ﬀﬃ,9%0*= *=%0**$59 *1% 9* *$3 ﬃ*)ﬂ C
&4!46ﬂ *$3<ﬂ% 5 ﬀﬃG*Ig 5 !43<& %0.1> ﬀﬃﬂ >!#ﬀA('*)3<ﬂ I%0(,/1%'&43<ﬂ *1%G!  ﬀﬃﬂﬁﬀﬃ! 7'*  *1  3<ﬂ9ﬂ .)*1G,9%'&4!8&4'.1*)ﬁﬀﬃﬂ9
)*1%%0* %
J
d)'*

 &4ﬂY3<(7*$ﬀ%0&83<ﬂC ,

+
 *)%>&8ﬂ/)!8, '* ﬁﬀﬃﬂ9>!4ﬀA('*ﬀ13<ﬂ I%0(',$1%0&83<ﬂ  *)>.)!8*ﬀ1%'('3<ﬂ9>9*
ﬁﬀﬃ'* &*:5 , !8'&83<ﬂ : 1 

H*ﬃﬂ ; ﬁﬀﬃﬂ 6!4*)g0<*1(''&83<ﬂ ?!8*) 5 !4, 6('.ﬀ1*)ﬂ%0*1H ,5 (3<B<(0ﬀ*O*:*G9*
('*ﬀ13<ﬂ I%0(',$1%0&83<ﬂ
       	
  	
 
 
Ò±Ó
 <  ﬁﬃﬂ &?!\>"*S
  $# */ﬂ

*Q)ﬀﬃ!43ﬃ('&*jd1%'('* * ã *1%M13K*$5 3<.C , ﬂ %03<ﬂ9ﬂ * ﬀﬃ, 1*)ﬂ%0('ﬀﬃ! :
= 6ALHMON= ?; *1%A *J *),mg
@3<,$
J
3<ﬂ  : 
Ì

 = 6LMN =
Ì
N(; "D ﬂ *C(*)5 (.)*)ﬂ% ﬀ%'&43<ﬂ 9,  ﬀﬃ!83<('&*fd/%0('**1% 3<ﬂ9ﬂ .)*C5 ﬀﬃ(=!4ﬀ
IﬁB<, (* 6I%C ÇI

*  ﬀﬃ!83<('&*fd/%0(*J'* 13K*$5 3<* * )*)!8!4, !8*)-9&4'5 3<.)*) *)ﬂ 13<,/
J
*1J * !4*1%', ('*

*))*1!4!4,9!4*)

6Y%C	Ç38
ﬁﬀﬃﬂﬁ `!#$!%'&( aﬂﬁ*ﬁ+,ﬀ-)#$!%'.`/,01/ *I#$:'&(%>-DF!ﬁl#ﬃYZﬃ* :X# ?#$!%' *ﬃ "!#$:' !;:'ﬃﬂ;0/1M#9&(/
*+,&( ,ﬂIH_J ﬃﬂ *ﬃ&(/,*+,ﬃﬂaﬀ:'ﬃ*!ﬁ&(-)#$<= ,ﬀ!%'."/,ﬃﬂf01/ *I#$:'&(%>-DF!ﬁ ﬂﬁ&( "!V%> ,01%'.`/,ﬀﬃﬃﬂa 9#$/ ,=\R:'ﬃﬂ *ﬃ&(/,*+,ﬃﬂ
+?#(01ﬁ&( %'.`/,ﬃﬂ 5 !;3  :'/aT8&( ,*ﬃﬀ!*:X#$%>_ﬁﬃﬂﬁ ﬃ*!%>YZ-D `!IH
'3<ﬂ%:3<('B<ﬀﬃﬂ &4.)*1:*1ﬂ %'3<, ( 5 '*1,  3<5 (3P9*ﬀ/%0&10<*)$ * '*)B*$*1ﬂ;%0ﬀ%0&83<ﬂ56LMN  
4
% 
Ì
  
Ì
K
2*1%'%'* %0(,/1%', ('* *1%&4!8!4, I%0(.)* 5ﬁﬀ(H!#ﬀ8IﬁB<,9('* 6Y C	Ô$*ﬃ6, %03ﬃ%0ﬀﬃ! !8* ﬀﬃ!83<('&*fd/%0('*))3*$59%'* *)ﬂB07&4(3<ﬂ
Çâ=â=â %03<, (ﬀ   *1%, ﬂ )ﬀﬃ!43ﬃ('&*jd1%'('*nh .ﬀ
J
ﬀﬃﬂ%0&4!8!43<ﬂ9ﬂﬁﬀﬃB<* ;, &6,9%'&4!8&4'*! 	ﬀﬃ(B<3<ﬂ !4&;, &8 * )3K*U*$*
*$&8!4&4*1,Aﬀ/%0& ﬃ
J
ﬀ;, *>5ﬁﬀﬃ(%'&4* ,  ﬀﬃ!83<('&*fd/%0(*?*)I%6*1ﬂ$*)(*$.1*> ﬀﬃﬂ F, ﬂ 1(ﬃ3<%0ﬀ%I;, &	*$ﬀﬃ&4ﬂ%'&4*)ﬂ%
!#ﬀJ%0**$5 .)('ﬀ%0,9('*-&8ﬂ;%'*)(ﬂ * h *1ﬂB0 &8('3<ﬂ2C=â -Ï !*1%U)3*$5 *)ﬂ .C& *1%SDﬁhED  &4(* 7,9* !8*) (.)5 3<ﬂ '*1
.)!4*1%'('3K*$ﬀﬃB<ﬂ ./%0&%7,9*) */%
J
ﬀﬃ (3<ﬂ &;, *1'3<ﬂ%'&*$&8!#ﬀﬃ&8('*1ﬀC3)* ;, &ﬁﬀﬃ', (*;, *+!4ﬀ6('.15@3<ﬂ9'*%03ﬃ%0ﬀﬃ!4*2 ,
 ﬀﬃ!83<('&*fd/%0('* *)I% !8&4ﬂ .)ﬀﬃ&4(*6*1ﬂ 3<ﬂ$1%0&83<ﬂ *H!  .)ﬂ9*)('Bﬃ&4*H *1
J
ﬀﬃ ('3ﬃﬂ ﬀ

*? ﬀﬃ!83<('&*fd/%0(*6'*?13K*$5 3<*
 *"%'('3<&8 *ﬀ1%'&43<ﬂ9c)3ﬃﬂ/)*1ﬂ;%'('&%7,9*) 3
	 9&LK@.)('*1ﬂ%0c*$ﬀ%'.)('&4ﬀﬃ,mg>3<ﬂ% ,9%'&4!4&8'.1
13K*O*:**$&8!4&4*1,5ﬁﬀﬃ'& 8
c

*) ;,ﬁﬀ%'('*ﬁ)3ﬃ,/
J
*) !4*1 5 !4,9 &4ﬂ%0*1('ﬂ *1,9%0&8!4&4*)ﬂ% 9*!  , (0ﬀﬃﬂ9&4,/* ﬀﬃ5 5ﬁﬀ,$07('& 5 ,9( *1% 3<(*$*1ﬂ;%
!4*
    
 	         
  
  
: H
ﬀ
; 

ﬀ %0('3ﬃ&4'&dﬀ*:*M)3<,$
J
*C"3
	 !8*):B<*)( @*1
.)!8*ﬀ1%'('3K*$ﬀﬃB<ﬂ9.1%0&%;, *)?9.0<*1!43<595@*1ﬂ;%>!8*), (ﬀ*:5 !8&8%0,9 *8*$ﬀ"g &*$ﬀﬃ!4*C *)%>5 !8, :Iﬁﬂ **$*1ﬂ%'*)BED
*$*1ﬂ%0.)* :56ALHMON
4
% 
Ì


 
Ì


; */%25 *)(*$*/%2ﬀ&4ﬂ &ﬁ, ﬂ *g*$*1&4!4!8*), (*&4 *1ﬂ%0&LI/ ﬀ%'&43<ﬂ  *1
5ﬁﬀﬃ(I%0&1, !4*1.)!8*ﬀ/%0('3*=ﬀﬃBﬃﬂ .1%'&;, *)
c

*)=%'('3<&8L)3ﬃ,/
J
*), &0ﬀﬃﬂ%0*1 :O;,ﬁﬀ %0('* ﬀﬃﬂ -!8*)  3<,/
J
3ﬃﬂ 
;U3ﬃ(7*:*)ﬂ%A!#ﬀ
  
 
 ﬁ 

	

  ﬀﬁ 	 
  
  ﬃﬂ 
  
: ¶)¼ ²O%6¹KÙ´0»$¼2¶EÀ
!&% ;G ,f ﬀ!43<(&*jd1%0(* D ﬂ ﬀﬃ!8!4&4ﬀﬃB<*
 , (0ﬀﬃﬂ9&4,/*	D ﬂ &83  &8,/* : 6
"B;*1% ,9%0&8!4&4.)3K*U*:*O*$ﬀ%0.1('&4ﬀﬃ, 5ﬁﬀﬃ'&    *)% ﬁﬀﬃﬂ ))*/%'%0*=('.VD
B<&43ﬃﬂ 7,9*>*G9.0<*1!43<595@*1ﬂ;%F!8*)+B<*)( @*1
J
ﬀﬃ (3<ﬂ &;, *1ﬀ
    	
 
 
Ò±Ó
 B
c

ﬀ- *)(ﬂ &od1('*13<,/
J
*  * !8*ﬀ1%', ('* 3<(7*:* !8*
  
 	  ﬁ 

	
 
   4  
     	 

  
  
: & »'¹´ #	² %6¹KÙ´0»$¼2¶EÀ
 &
% ; ;, & ,9%'&4!4&8'*R)3K*U*$* *=ﬀ%'.)(&#ﬀﬃ,G5ﬁﬀﬃ'&@ ,=), &107('*ﬁﬀﬃﬂ9
!4*%03ﬃﬂ ﬂ * ﬀ,Q)*1ﬂ;%'(0ﬀﬃ! 3<,  *G! 	ﬀ)&4*1(+ﬁﬀﬃﬂ  !4*) 3<,/
J
3<ﬂ9ﬀ+2*1%'%'* (.)B<&83<ﬂJ5 3<'ed) *G, ﬂ *GB<(0ﬀED
ﬂ;, !#ﬀ('&8%'.:*$3ﬃ&4ﬂ ;I ﬂ * 7,9*G!8*



6Y C	Ô8
`!/,*!/ﬁl a*ﬃ&(/,*+,ﬃﬂ!W a!ﬁ&(/ﬁﬂW,ﬂﬁ/,0&(ﬁ&H9 ﬃ*!%>YZﬃﬂP0 K / j.`/?#$!01/a*I#$:'&(%>-DF!ﬁ=H
 << ﬁ= */!  
>  
L #%ﬂﬃ*& *>P #  #

 *)5ﬁﬀ)*='&8%', .:*)ﬂ%0(*-!4*= ﬀ!43<(&*jd1%0(*=)*)ﬂ%'(0ﬀﬃ! *1%8
J
ﬀ;, *  3<,/
J
3ﬃﬂ :   6LMNC 
Ì

;H*)I%
5@*1,$&8ﬂ %'(',/*:*)ﬂ%0. 2*1%'%'* (.)B<&83<ﬂ:&4ﬂ%0*1(SD 1(ﬃ3<%0ﬀ% 3<,	


*)I%259('&4ﬂ$)&45 ﬀﬃ!4**$*1ﬂ;%3Iﬀ1, 5 .)*F5ﬁﬀﬃ(!4*1
  !8*)> *=!8*ﬀ/%0, (*) 9,&
3
/
*1%G ,
0/
  6*1 71&4ﬂ%0&8!4!4ﬀ%0*1, (''3ﬃﬂ;% &4ﬂ% ﬀ!4!4.1Hﬁﬀﬃﬂ  )*/%'%0*$('. D
B<&43<ﬂ  ,  .1%'*ﬀ1%'*), ( ﬀI ﬂ:9*ﬁ)3K*:5@*1ﬂ '*1( !  ﬀ  *)ﬂ/1*F9*ﬁ)*)!8!4, !8*)
 ﬀﬃ!83<('&*$./%0('&%;, *)2*

       

 
         
C !  C<*1%)3*$5 !8.1%'.5ﬁﬀﬃ(  *1)*)!8!4, !8*)&)ﬀﬃ!43ﬃ('&*:.1%'('&%7,9*) 'ﬀﬃﬂ  ﬀ  3<( *),9( '&D
%0, .1*)>!4* !43<ﬂ9B 9*$!4ﬀ 5ﬁﬀ('3<& &8ﬂ;%'*)(ﬂ *$9*)))(ﬃ3<%0ﬀ%0C ﬀ5 5@*1!4.1*)P#-#ﬁﬀ-#-#*#ﬂ  # 2*)> .1%'*ﬀ/%0*),9('
3ﬃK (*)ﬂ% , ﬂ *ﬁ ﬀﬃ&  !4*(.)3<!4,9%'&43<ﬂ */%"ﬂ9*F5 *)(*$*/%'%'*)ﬂ% 7,> , ﬂ9* (.ﬀ),95@.1(0ﬀ%'&43<ﬂ:5ﬁﬀﬃ(I%0&4*1!4!8*2 *F!  &4ﬂ$3ﬃ(7*$ﬀED
%0&43ﬃﬂ$5 *)( , *?ﬁﬀﬂ +)*/%'%'*6('.1B<&43ﬃﬂ H ﬂ-5 ﬀﬃ(%'&),9!4&4*1(!4*)".)!8*ﬀ1%'3<ﬂ "ﬂ *65 *),$0ﬃ*)ﬂ%1%'('*?&8 *)ﬂ%'&LIﬁ.12ﬁﬀﬃﬂ9
)*1%%0*('.1B<&43ﬃﬂ
 < ﬁ= */ﬂ'&?>@A # * )ﬃ&(#
>@ "ﬂ !=Dﬂ'&(# *B> A ﬂ# "ﬂ ﬃN>ﬃ# > N

*1".1!4*ﬀ/%0(3<ﬂ  '3<ﬂ%(*ﬀ13<ﬂ %'(', & %0"ﬀS0<*ﬀ  *),?g-ﬀ!4B<3<(&8%
J
*$*1  &K .1('*)ﬂ%'ﬀCT)3<(('*1'5 3<ﬂ ﬁﬀﬃﬂ% h> *1
 3K*$ﬀﬃ&4ﬂ *1 &*:5 , !8'&43ﬃﬂ=%0('ﬀﬃﬂ 0ﬃ*)('* 9&LK@.)('*1ﬂ%0ﬀ
 +     	
  	
 
 

ﬁﬀﬃ'* &$59, !4&43<ﬂ %0(0ﬀﬂ ﬃ*)('*>!4*1.)!4*1%'('3<ﬂ  3<ﬂ% (*ﬀ13<ﬂ %'(', & %0 5ﬁﬀﬃ(!4ﬀﬁ$./%
J
37 *  * !4ﬀ
('3<,9%'*ﬃﬂ "!#%$;, &6,9%0&8!4&4*&13'($* 5@3<&8ﬂ%- * .15ﬁﬀﬃ(I%A!4*1=%0('ﬀ)*1A&4'3ﬃ!4.)*1-*)ﬂ !8*), (=ﬀﬃ'3)1&#ﬀﬃﬂ%A *1
)*)!8!4, !8*)9,&)ﬀﬃ!43<(&*jd1%'('*+

B<(0ﬀﬂ  1 : 1  

H*ﬃﬂ-,.;$!4*1-.)!8*ﬀ/%0('3ﬃﬂ A'3<ﬂ%(*ﬀ)3ﬃﬂ %'(', & %0Aﬀ/<* , ﬂ ﬀﬃ!4B<3ﬃ('&8%
J
:* 9*
ﬀ0<ﬂ *1ﬂ $C.#2+,2*1% ﬀﬃ!8B<3<('& %
J
:*J, %0&4!8&4*C, ﬂ &$7,9*ﬀ:*)ﬂ%J!8*)-%'3<, (' ,3 ﬀﬃ!83<('&fd/%0(*J*1% (*ﬀ)3ﬃﬂ %'(', & %
.)Bﬀﬃ!8*ﬀ:*)ﬂ% !4*1"5
J
3ﬃ%03<ﬂ9ﬀ+ 6*)2ﬀ=ﬀ4)ﬀﬃ!43<(&*:.1%'('&*$;, *1 '3<ﬂ%653<(7:.)hG5 ﬀﬃ(%'&4( *) %03<,9('  ,8 ﬀ!43D
('&*jd1%'('*"'&8%', .)*1 ﬁﬀﬃﬂ  , ﬂ9ﬀ0<ﬂ *9*(0ﬀ/:<3ﬃﬂ %<; 
4
>=
56

% )?A@ ﬀﬃ, %03<, ( CB ,9ﬂ *%03<,9( CB .)ﬂ *1('B<&8*
%0(0ﬀﬂ ﬃ*)('*-',95@.1('&4*1, ('* hDE+GF H*ﬃﬂ-,+ D ﬂ 3 "H*1%G.)!4*1%'('3'$ﬀﬃB<ﬂ ./%0&$7,9*$*= &K .1('*)ﬂE)&4*:CB , ﬂIH*/%
5ﬁﬀﬃ('ﬀJ5('ﬀ1%'&43<ﬂ=.)!4*1%'('3'$ﬀﬃB<ﬂ ./%0&$7,9*6*1%+3<ﬂ&43<!#ﬀ%'&43<ﬂK+"L ﬀM5('ﬀ1%'&43<ﬂA.1!4*1%0(3'$ﬀﬃB<ﬂ ./%0&*$;, *.ENﬀIO
)3<(('*)5@3ﬃﬂ  h+!#ﬀP5(0ﬀ/%0&43ﬃﬂGCB .)ﬂ9*)('Bﬃ&4*29*"!2B	ﬀ$ﬀﬃ  .15@3<.)*"ﬁﬀﬃﬂ  !4*))3ﬃ,Q
J
*)  ,R ﬀ!43<(&*jd1%0(* .)!8*ﬀVD
%0('3=ﬀﬃBﬃﬂ .1%'&*$;, *+KL	B &8'3<!4ﬀ%0&83<ﬂSUTWV=*1%X ﬀ(0ﬀ/%0.)(&4.)* 5ﬁﬀﬃ(!#ﬀ8$;,ﬁﬀﬂ;%'&8%'.:(*)!4ﬀ%0&Y<* CB .)ﬂ9*)('Bﬃ&4* '& %0, .1*
ﬁﬀﬃﬂ +, ﬂIﬀ0<ﬂ9*>KB 3<,)<*)(I%0, (* )?   


 E?G@:ﬀﬃ, %03<, (9*>!2B	ﬀ.=ﬀﬃI8
SUTWV%
NXZ[E\Q]7^ _g1`NaZ[)\Q]7^ 
bdc
N
ZC[E\Q]7^ 
bec
:/6f+DA$;
ﬀWﬃ*ﬀgNXZ[E\Q]7^ _ :2NXZ[E\Q]7^ 
bdc
;G!hB .)ﬂ *1('B<&8*$%'3ﬃ% ﬀﬃ!8* :.)!4*1%'('3'$ﬀﬃB<ﬂ ./%0&$7,9* ;H .)5 3<'.1*ﬁﬀﬃﬂ  ,9ﬂﬃﬀ0<ﬂ *A9*
(0ﬀ/:<3<ﬂ&DE+i :jDE+D6;ﬀﬃ,9%'3<, (+ *!#ﬀ  &8('*ﬀ/%0&83<ﬂ *!hB ﬀ=ﬀﬀ+QLE*1k13<, 5 , (*)F%0ﬀﬃﬂ ﬁﬀﬃ(JCB &49*)ﬂ%0&Il ﬀ%'&43<ﬂ
CB ,9ﬂ 3 "H*1%F.)!8*ﬀ1%'('3'$ﬀﬃB<ﬂ9.1%0&$;, *?'3ﬃﬂ;%kNﬀIO  )?Gm *1%nSoTpV. E? 

+
L ﬀq53<(7:*29*2!#ﬀFB<*)( @*"5@*1(7:*1% .)Bﬀﬃ!8*ﬀ:*)ﬂ% 9*2'.15ﬁﬀﬃ(*)( , ﬂ 3 fH*1% .)!4*1%'('3'$ﬀﬃB<ﬂ ./%0&$7,9*"CB , ﬂ 5 &83<ﬂC+
D ﬂJ*1ﬂ '*  !8*  *R!9ﬀﬃ('&4ﬀ  !8*)q)3<(('.1!4.)*16*1%?, %0&4!8&4.>5 3<, (n ﬀ(0ﬀ/%0.)(&4*)(r1*1%%0*a53ﬃ(7:* 8 !4*1n5('ﬀVD
%0&43ﬃﬂ  KB .1ﬂ *)(B<&4*>ﬁﬀﬃﬂ k
J
ﬀ1, ﬂ *  *1%s13<,Q
J
*1? ,)ﬀﬃ!43ﬃ('&*jd1%'('*.)!8*ﬀ/%0('3=ﬀﬃBﬃﬂ .1%'&*$;, *ﬁ!2B .1ﬂ *)(B<&4*
.)!4*1%'('3'$ﬀﬃB<ﬂ ./%0&$7,9*"%03% ﬀﬃ!8* !#ﬀ6!4ﬀﬃ('Bﬃ*), ( ﬀﬃﬂ B<, !4ﬀﬃ&4(*"9*!#ﬀ6Bﬃ*)( **)!43ﬃﬂ
4
*1% !#ﬀ 5 3<&8%0&83<ﬂ 9,9ﬃ*)(I%0*Ag
5 ('&=ﬀﬃ&8('*'*1!43<ﬂJ!hB ﬀ"g *RtMu)+CL ﬀs$ﬀ%0(&*)*av *1%H9. Iﬁﬂ &8*R)3w:* !2B &8ﬂ"ﬃ*)('*  *G!#ﬀs$ﬀ%'('&*1*G9*R)3D
ﬃﬀ('&#ﬀﬂQ)*?9*)k!Mﬃﬀ('&#ﬀ  !4*1ﬀ+QLE* F *x)*/%'%0*-$ﬀ%0(&*1*% ﬀﬃ('ﬀ1%'.)(&4'*H!8*%)(&8%]d)('*H.1!4*1%0(3'$ﬀﬃB<ﬂ ./%0&*$;, *
 *!hB ﬀ=ﬀﬀ+ DFﬂ 3 fH*1%+.1!4*ﬀ/%0(3'=ﬀB<ﬂ .1%'&*$;, *H'ﬀ%0&85 ﬀﬃ& %  yz{}|%

E+
L *1G.1!4*1%0(3<ﬂ '3ﬃﬂ;%G &K .1('*)ﬂE)&4.1G9*)>5
J
3ﬃ%'3<ﬂ >5ﬁﬀﬃ(!hB ﬀﬃ'3)1&#ﬀ%'&43<ﬂKB , ﬂ9*:%'(0ﬀ1* h!hB ﬀ$ﬀﬃH.)!8*ﬀVD
%0('3=ﬀﬃBﬃﬂ .1%'&*$;, *+9D ﬂ ﬀ$ﬀﬃ0ﬀﬃﬂ9+%'(0ﬀ1*>ﬀﬃ'3)1&4.)**1%F, ﬂ 5
J
3ﬃ%'3<ﬂC+
~
&4ﬂﬁﬀ!4*ﬀ:*)ﬂ%ﬀ, ﬂ *? *1('ﬂ &d)(*rﬀﬃ('&4ﬀ  !4*+CB &49*)ﬂ%0&Il ﬀ%'&43<ﬂ$ *)2.)!4*1%'('3<ﬂ 2*)% . Iﬁﬂ9&4*?5ﬁﬀ(2, ﬂ *k53<ﬂQVD
%0&43ﬃﬂ? *7(0ﬀﬃ&8'*  !#ﬀﬂQ)*qﬂ i#')3' 9&4ﬂﬁﬀﬃﬂ%E9*)ﬀﬃ('&4ﬀ  !4*1K)ﬀﬃ!43<(&*:.1%'('&*$;, *1 */%E%0(0ﬀWH*ﬀ1%'3<B<('ﬀﬃ5
J
&$7,9*) 8
 yz{}|N*ﬀIO !8*=(0ﬀ5 5@3ﬃ(% 9*-!hB .)ﬂ *1('B<&8*:%'(0ﬀﬃﬂ9<*1('* 9*-!hB ﬀ$ﬀﬃ)hJ!hB &*:5 , !8'&43ﬃﬂ %'(0ﬀﬃﬂ9<*1('* 9*
!#ﬀ=%0('ﬀ)*(N!1K/1E!8* ﬂ 3'  (*  * %0('ﬀ)*1Gﬁﬀﬂ , ﬂ0<ﬂ *  * (0ﬀ/:ﬃ3<ﬂ % E? 

ﬀﬃ,9%'3<, ( * !#ﬀ=%'(0ﬀ1*
 *!hB .)!4*1%'('3<ﬂC !#ﬀ'3'(:*A *):&*:5 , !8'&43ﬃﬂ  %0('ﬀﬃﬂ <*)('*1= *1:%'(0ﬀ1*):ﬁﬀﬃﬂ  , ﬂﬀ0<ﬂ * * (0ﬀ/:ﬃ3<ﬂ



% E? :ﬀﬃ,9%'3<, ( *H!4ﬀG%0('ﬀ)*H9*>!2B .1!4*1%0(3<ﬂC7!4* F *H!hB ﬀﬃ'3f)&#ﬀ %0&43ﬃﬂ=*)ﬂ%'('*!hB ﬀ$ﬀﬃ2*/%+!#ﬀG%'(0ﬀ1*
*1%!8*65ﬁﬀ(0ﬀjd1%'('*6KB &$5ﬁﬀ.1%" *?!#ﬀ%0('ﬀ)* 5ﬁﬀﬃ(2('ﬀﬃ5 5 3<(%ﬀﬃ,sﬃ*)(%'*Ag-5 ('&=ﬀﬃ&8('*.+"LB .)ﬂ9*)('Bﬃ&4*? * !hB .)!8*ﬀVD
%0('3ﬃﬂ 3<,  , 5
J
3ﬃ%'3<ﬂ ('*ﬀ13<ﬂ I%0(',9&8%*)I%6)3<(('&4Bﬃ.)* *!4ﬀ?('.15@3<ﬂ9'*+ ,9 ﬀﬃ!83<('&fd/%0(*+.L ﬀ?(.)3<!4,9%'&43<ﬂ *1ﬂ
.)ﬂ *1('B<&8*H ,&)ﬀﬃ!43ﬃ('&*jd1%'('* 5@3<,9(F9*)+3 fH*/%0F.)!4*1%'('3'$ﬀﬃB<ﬂ ./%0&$7,9*)5 *),9%/%0('*>5ﬁﬀﬃ('ﬀ:.1%0(&4.)*?5ﬁﬀ(K8

b
N
%
N
=


N
=

:/6f+Ł;
3
	

*)%F!8&4.Hﬀﬃ,?g  (',9&8%0: , ('ﬀﬃﬂ &4,E *1%F.1!4*ﬀ/%0(3<ﬂ &*$;, *;}  ﬀﬃ,mgsﬁ,Q1%',ﬁﬀ%'&43<ﬂ KB .
J
ﬀﬃﬂ%0&8!4!43ﬃﬂ ﬂﬁﬀﬃB<*
*1%

*)I%F, ﬂ %'*)($*x13<ﬂ %0ﬀﬃﬂ%/+"2*)+%0*1(7:*)Q$*1', (.)Fﬁﬀﬃﬂ +!4ﬀ ('.)Bﬃ&43<ﬂg)*1ﬂ%0(0ﬀ!4*(ﬂiFp#2Qﬃﬀ!4*)ﬂ% 8

% E?G@n E? *ﬃﬂa  % E?G@ﬃ@P E? <
(
H*ﬃﬂa2



% E? < n E? <@ :/6f+AF;
   n 	
 
    
 < ﬁ= */ﬂ'&?>@A # * )ﬃ&(#
>@ "ﬂ
ﬂ$# 
DFﬂgH*/% ('.1', ! %0*: *=!4ﬀg5('ﬀﬃB':*)ﬂ% ﬀ %0&43ﬃﬂ KB , ﬂ $7, ﬀﬃ('  3<, CB ,9ﬂ B<!8, 3<ﬂC+ !5@*1,9% /%0(*$ .VIﬁﬂ &h
5 !4, &4*1, (' ﬂ9&<*)ﬀﬃ,mgD8 ﬀﬃ,Hﬂ &ﬃ* ﬀﬃ,5ﬁﬀ(%03ﬃﬂ &*$;, *.ﬀﬃ,ﬂ &ﬃ* ﬀﬃ, *1 5ﬁﬀﬃ(%'&*1, !4*1 %0ﬀ  !4*1 : 5 &83<ﬂ  */%   ﬀﬃ3<ﬂ ;
('.), !8%0ﬀﬃﬂ%? *1? .1'&4ﬂ%'.)B<('ﬀ%0&83<ﬂ 6,Qﬀ1*)'&ﬃ*) *1
J
ﬀﬃ (3<ﬂ ?59('37 , &8%' !83<('  * !4ﬀ(5('ﬀﬃB':*)ﬂ% ﬀ%'&43<ﬂ
*1% * !hB
J
ﬀﬃ9('3<ﬂ &80ﬀ%'&43<ﬂ  , 5ﬁﬀﬃ(%'3<ﬂ &4ﬂ & %0&4ﬀﬃ!h *1%*1ﬂAIﬁﬂ ﬀﬃ, ﬂ &ﬃ* ﬀﬃ,  *1%'3<, (>9, )ﬀﬃ!43ﬃ('&*jd1%'('*G3
	
!4*)"5ﬁﬀﬃ(I%0&*1, !4*1 .15@3<*)ﬂ%+!4*1, (.1ﬂ *)(B<&4*.+QLE*)H*/%03<ﬂ%+('*ﬀ13<ﬂ I%0(',9&8%0ﬀﬃ,Aﬂ &ﬃ* ﬀﬃ,g)ﬀﬃ!43<(&*:.1%'('&*$;, *.+
LB ﬀﬃ!8B<3<('& %
J
:*F *('*ﬀ13<ﬂ I%0(',E1%0&83<ﬂ  3<&8%Pﬃ.)(&LIﬁ*1(n1*)(I% ﬀﬃ&8ﬂ *)+5 (3<5 ('&8.1%'.)98
c
LE*)H*1%0 ('*)3<ﬂ9%0(, &8%'"3<ﬂ%&*:&4!#ﬀ&4('*1 ﬀﬃ,?g:ﬂ &ﬃ* ﬀﬃ,mg$5ﬁﬀ(%03ﬃﬂ &*$;, *.5ﬁﬀﬃ(%'&*1, !4*+*1%4 ﬀ!43<(&*:.VD
%0(&*$;, *.
c
 ! ﬂ *6 3<&8%25ﬁﬀﬃ/%0(*H'*)ﬂ9'& 9!4*Hﬀﬃ,?g-&4ﬂ B<,9!#ﬀﬃ(&8%0.1413<!4!8&4ﬂ .)ﬀﬃ&4(*+*1%&8ﬂE5(0ﬀﬃ(3<, B<* : ('ﬀﬃ &#ﬀ %0&43ﬃﬂ "9*
B<!8, 3<ﬂ P:3<, +3<, , (
; +
c
LE*)H*1%'F(*ﬀ13<ﬂ %'(', & %0+'3ﬃﬂ;%F&8ﬂ"ﬀﬃ(&#ﬀﬃﬂ%''3<,9 , ﬂ9*%'(0ﬀﬃﬂ953<(=ﬀ%'&43<ﬂ= *XL 3ﬃ('*)ﬂ%	+
c
 !6ﬂ9*C 3<& %= .15@*1ﬂ  (*ﬂ &6 *J!#ﬀ Bﬃ.)3':.1%'('&4*  ,  ./%0*1%0*1, (Aﬂ &F *C!4ﬀ !4,Q:&4ﬂ93<'& %0.	.B *1%SD
hED  &4(* 1%'('*$5@*1, '*)ﬂ9'& 9!4*[hJ,9ﬂ *Aﬀﬃ, B$*1ﬂ;%0ﬀ%0&83<ﬂ  ,  (',9&8% KB .}<.)ﬂ9*ﬀ:*)ﬂ%0 '3ﬃ, SDYH'ﬀ)*1ﬂ;%'
: &8ﬂ%0*)('ﬀ1%'&43<ﬂg ,9!8%0&85 !4*1ﬀ75ﬁﬀﬃ(I%03<ﬂ +5@*1% ﬀ %0*),9('ﬀ+Y++D;}+
c
 !  3ﬃ&8%H'ﬀ%0&Y5 ﬀﬃ&4(* !4*1%)3ﬃﬂ;%'(0ﬀﬃ&8ﬂ%0*)H&$5 3<.)*)H5 ﬀﬃ(?!hB *)ﬂ7&4(3<ﬂ ﬂ *$*1ﬂ%&4ﬂE53<(=ﬀ %0&*$;, *.e.B *1%SD
hED  &4(* 1%'('*M5 ﬀ.)&4!8* h-&$59!4*ﬀ:*)ﬂ%'*)(F*1%H5 *),B<3ﬃ, (7$ﬀﬃﬂ C*1ﬂ('*1''3ﬃ, (71*):j:.ﬀ:3<&4(*ﬁ%0*$59
 *- ﬀ!*),9!hY++Y+ ; +
c
 !  3<& % /%0(*k13'$5 ﬀ%0&  !4*+ﬀ/<*6!2B	ﬀﬃ!8B<3<(&8%
J
$*" ,
+, ﬂ 5@3ﬃ, ("5 *)($*/%'%'('*+ *n)3':5ﬁﬀﬃ(*)(!4*1
('.1', ! % ﬀ%'ﬀ+
L	B ﬀﬃ!4Bﬃ3<('& %
J
:*,9%0&8!4&4.J5ﬁﬀ(-!#ﬀ 5 !8, 5ﬁﬀﬃ(I%A *1ﬀﬃﬂﬁﬀﬃ!Y: *)A ,
+, ﬂ	:*)I%, ﬂ ﬀﬃ!4Bﬃ3<('& %
J
:* 9*
ﬀ0<ﬂ *. !hB ﬀ	ﬀ ﬀ #ﬂﬂﬁﬃ & ! ﬀ"  #ﬂ$#&%   ﬂŁFD# ,9%'&4!4&80ﬀﬃﬂ%+, ﬂ9&*$;, *ﬀ:*)ﬂ% !hB &4ﬂE53ﬃ(7$ﬀ%0&83<ﬂ8 ﬀ!43<(&D
$./%0('&$;, *+

ﬀﬃﬂ%F!#ﬀ ('*)3<ﬂ9%0(,Q1%'&43<ﬂKﬁ!4*)q1*)!4!8, !4*1P ﬀﬃ!83<('&$./%0(&*$;, *) (',):ﬀﬃﬂ%0*163<,&8'3<!8.)*)+3<ﬂ%
', 5 59('&*:.)*1 5ﬁﬀﬃ(!4*1ﬀﬃ!4Bﬃ3<('& %
J
:*)('*)ﬀ+,) ﬂGF.-}# *1% /1032sﬂŁF6p#2+;D ﬂ9*n$;,ﬁﬀ ('& D &*:5 , !8'&83<ﬂ *1%  .1%'*)(MD
$&8ﬂ .)* 5@3<,9( 54ﬁﬀ$;, *x1*)!4!8, !4*6 5ﬁﬀﬃ(I%0&4(  *H'ﬀ 5@3<&8%'&43<ﬂ :87d$9+;ﬁﬀﬃﬂ !8*? .1%'*ﬀ/%0*),9(*1% *H!2B .1ﬂ *)(B<&4*
 .)5 3<'.1*H*)ﬂ&*:5 3<0ﬀﬃﬂ%2, ﬂ *x$ﬀﬃ'*Hﬂ7,9!4!4*.+EL ﬀR$;,ﬁﬀﬃ9('&D &*:5 , !8'&43ﬃﬂ$CB , ﬂ *?%'3<, (*1%F .VIﬁﬂ &4*65ﬁﬀﬃ(!4ﬀ
'3'($*X<*1%03ﬃ('&4*1!4!8*  *)-$;,ﬁﬀﬃ9('&D &*:5 , !8'&43ﬃﬂ  9* %03<,9%'*)!4*1%)*1!4!8, !4*1?!#ﬀ813'$5 3<'ﬀﬃﬂ%/+CLE*1%'3<, (
 ,&)ﬀﬃ!43ﬃ('&*:1%'('*H 3ﬃﬂ;%F!2B .1ﬂ *)(B<&4*H%0('ﬀﬃﬂ <*)('* *$;)<:)9*JFD'D
ﬀ
*ﬃﬂx,.G*)(<*)ﬂ%H9*G5 3<&4ﬂ%'F9*G .15ﬁﬀﬃ(I%
: B<('ﬀﬃ&4ﬂ *1
;=6=!#ﬀ953<(7$ﬀ%0&83<ﬂ  *)H5 (3ﬃ%03EDH*1%'ﬀ+eLE*)?%03ﬃ, (' '&8%', .)*1Hﬁﬀﬃﬂ 6, ﬂﬀ0<ﬂ9*  * ('ﬀW:ﬃ3<ﬂ  3<ﬂ ﬂ9.
:


% E?

3<, E?

; '3<ﬂ%>ﬀﬃ!83<('6ﬀﬃ'3)1&4.1*)&8%'.)(0ﬀ %0&ﬃ*ﬀ:*)ﬂ%Hﬀ,5 ('3ﬃ%'3DH*/%H*)ﬂ(*ﬀ)ﬀﬃ!*1, !#ﬀﬃﬂ%H'ﬀ- &D
('*ﬀ/%0&83<ﬂ6X54ﬁﬀ.$7,9*6ﬀpH3ﬃ,9%  *%03<, (+;D ﬂ %0*1!@ﬀ!4B<3<(&8%	4Q$*2ﬀ/<*ﬀFB<('ﬀﬃ&4ﬂ **1%"'*1ﬂ '&  !4*Fﬀﬃ,.; (0ﬀﬃ &4ﬀ%0&83<ﬂ 
 *B<!8, 3<ﬂ +?> 3ﬃ, ( ﬀB *)ﬂ:ﬀK ﬀﬃﬂQ549&4( , ﬂ9* *),.; &@:ﬀ:*'.1('&4*2 *5 ('3%03DYH*1%0 *)%)3<ﬂ I%0(, &8%'**)ﬂ ,9%'&4!4&80ﬀﬃﬂ%
)3'($*HBﬃ(0ﬀﬃ&8ﬂ *)+!4*1  ﬀﬃ(:f)*1ﬂ%0('*16ﬁﬀﬂ 6!2B *1'5ﬁﬀ1*-
A7e59 2 *a54ﬁﬀ$;, * 5 ﬀﬃ&4(*>9*G5 (3ﬃ%03EDH*1%'ﬀ+
~
&8ﬂﬁﬀED
!4*ﬀ:*)ﬂ%>!4*15 ('3ﬃ%'3DH*/%05ﬁﬀﬃ(I% ﬀﬃBﬃ* ﬀﬃﬂ%G *)%03<,9('>*)ﬂ 13'( , ﬂ '3<ﬂ%G'3<& %X5,9'&43ﬃﬂ ﬂ .)>'3ﬃ&8%>'.15ﬁﬀﬃ('.1
'*)!83<ﬂ`$;, * !4ﬀ5(0ﬀ/%0&43ﬃﬂ KB .1ﬂ *)(B<&4*g)3w ,9ﬂ * ﬀﬃ,.;  *1,.; 5 (3ﬃ%03DYH*1%':3<&8% , 5 .)('&8*), (*3<, &8ﬂE5.VD
('&4*1, ('*=6aFD "8+ﬂB ﬂs ﬀ" *F'.15ﬁﬀﬃ('ﬀ%0&83<ﬂC54ﬁﬀ$;, *F%03<,9(613'( , ﬂ *F*)I%ﬀﬃ'3f)&8.)* ﬀﬃ,$59('3ﬃ%'3DH*/%"93<ﬂ%
*)!4!8* *1%+!8*65 !8, 25 (3)549*Hﬁﬀﬃﬂ !2B *1'5ﬁﬀ.)*:
87d$9@}+.C *),9! !4*1H*1%'('*)3<ﬂ I%0(, &8%'CB .)ﬂ *1('B<&8*6%0('ﬀﬃﬂ ﬃ*)('*
EDGFH*ﬃﬂ-,>3<ﬂ%n)3<ﬂ *)(<.)+
LE*1 H*/%0('*)3<ﬂ9%0(, &8%'H 3<&Y<*)ﬂ%>.)B<ﬀﬃ!4*$*1ﬂ;%'ﬀ%0&85 ﬀﬃ&8('*R1*)(I% ﬀﬃ&8ﬂ *)x13<, 5 , (*)> *J$;,ﬁﬀﬃ!8&8%0. +HB ﬂ
5ﬁﬀﬃ(%'&*1, !4&8*)(ﬀ7H*/%0('*)3<ﬂ I%0(, &4*1ﬂ;% &8ﬂQ)!8, *)ﬂ% *1 .1!4*1%0(3<ﬂ  */% *)5I4 3%03<ﬂ $;,CB &4!E5 ﬀ,9% ('*UH*1%'*)(ﬀ+ﬂJ2*1
)3<, 59, ('*1F5 3<(I%0*)ﬂ%F',9(LK
      	
  	
 
 

L ﬀa5(0ﬀ/%0&83<ﬂ-CB .)ﬂ *1('B<&8*?ﬁﬀﬃﬂ9!4*r)ﬀﬃ!43ﬃ('&*:1%'('*F.)!8*ﬀ1%'('3'$ﬀﬃB<ﬂ9.1%0&$;, * K9E?	
 
N
	IO

E?Łm

+

L ﬀq5('ﬀ1%'&43<ﬂ>CB .)ﬂ *1('B<&8*"ﬁﬀﬂ  !8*

K

O

)? Q+ J2*/%'%0*4)3<,95 , ('*"5@*1(7:*1%  *"', 5 59('&*:*)(
, ﬂ *5ﬁﬀﬃ(I%0&8*? ,  (', & %+&4ﬂ I%0(,Q$*1ﬂ% ﬀﬃ!2+
L ﬀ ('.1'3<!8,9%0&83<ﬂ *)ﬂJ&$59, !4&43<ﬂ-%'(0ﬀﬃﬂ <*1(''*  *)	H*1%0n)*1ﬂ%0(0ﬀ,.; 7

)? 5 *),9%6'*X$37 .1!4&4*)(
5ﬁﬀﬃ(1K
ﬀﬁ
ED
%ﬃﬂ  
N

="!

N
=


$#f+&%ﬀ
ﬀWﬃ*ﬀ
('
)?*),+q.-'?Ł 0/H*21R
!
'.3
?F'mq
3
?4-p@5-
/*21X2

6
'73
?
3
) Fn
3
?
3,3
+98 ﬀ%:2? $#f+A!,
;=<>;?<>@?<4A BDCFE,GIHJH$K5EMLON&GQPRKDPRSPTKDH UN*KWVXKYKﬀLY
Z
, 5\[ﬃ&8%0] *  &^[ﬃ&^_ &^`%'('3a] , &8%J_ 5D[ﬃ(0b4* ] .1%'*ﬀ1%'*), ($*1%=5D[ﬃ(0bhBc[Mb4B<3ﬃ('&8%	4Q:*d] *&ﬀ0,` *.eb2B .f` *)(B<&4*
$*f_', (.)*g] ,H*1%9h[Mb43ﬃ('&*:.1%'('&$7,9*$5 *),9%i]9&kj@.)('*1(l_'*f`m_'& mb4*$*f`%i] *gbhB .h` *1('B<&8*n] ,H*1%i]9*A5D[ﬃ(%'&4o
),mb8*h_ﬀ+ JrB *h_I%M1*1%%0*0] *)(p` & :1('* B<(q[`m] *),9(X$;, &*f_%>&*:5@3ﬃ(%[`;%'* 5 3<, (rb4*f_
[`D[Mb:a_*h_r] *:5I4:5_&*$;, *.+
LB .h`9*)('Bﬃ&4*s]9*J54D[$;, *kH*1%?*h_%t[ﬃ&^`m_&13<('(&4B<.1* 5D[ﬃ( ,m`5\[/%0*),9(% ,mb %0&45Tb4&*h[%0&Y5 + J2*/%'%0*J13<('(*ﬀ/%0&43M`
*h_%u_'3ﬃ,E<*f`;%r)& %0.)*v_'3ﬃ,m_u_3,`w[.)('3M`":f:*v[M` B,b^[ﬃ&^_6x6ywzﬃ$x ﬀ%{y ! ﬀ| ﬃiz ﬁ  ﬁﬀJ +D}u~,T_u]mhp,~M`m_
*h=b[8f~,Jpﬀq^~M`]mfD`T^l]D[`m_tb[wMhp_J^~M`ŁI>W]TŁTJ~,,J[(shD?Q{? ﬂGF#2+JrBcf_p-ffJJ
,hp_Jk~,` $mUh_Tqkb^k_Jh6I~,m`m~qJ[M`D[MbY:5_p+ELBh`ThJM^]mMHp]mD[pqhmbkh_PN
 
?h_pphbk^h
69fhbkb^t]mRHpfqh[Mb^~,p*0fJJ*$mrN6¡
¢
D[M1K
N
 

'
N¡
¢T£
N¤¦¥¥§\

¨

!
¤2¤$¡
$#f+&©ﬀ
~
	 K

N6¤2¥¥§\?h_b[-[Mb^fm 0~W:,h`T`m]mb2Bcf`mhp,^u]D[M`m_eb^kO[Mbk~,J :qJ`mªmJ~W,f`D[M`ﬀD[M_]m
,fpq$;r]CB^`ﬀqfq[qk~,`tmJd[^J.+ J{Jhk`QhbkTQb^ mJm4Q]m«bhBmJ[M`m^E&b^ TJm4QhbkﬀfJJ~o
`m*$m¬f­b^f_®},h`Tﬀ0h`ﬀq__p~,m_oYHJ[hf`ﬀq_ﬀ+ JeJheh_p­]mfJhk`m 6uD[Mqk®]CBMh`mf`ﬀq_
]m m^[M^_4k`m*[MbDD[MJ[qp^_Juh` 5¯~,`Qqk~,`n]mb^[sm_phm]m~Mq[Mmk]mkJ,f~'qp*$m,7\
fb^[9smbkJ^mbk*h4q]mx,fpJ; mp*[M^ph_pﬀh~M`m_pJJm4q_ﬀ+


¨
\Uf_peb[rJhI~,`m_p4D[]mJ~,`T*$m6]m8O[b^~,p*:fqp'.Bcf_po 6°o2]m^p6bkn5\[.fqfm¬Jhbk[M`ﬀ¬bhBh`Tho
,^r]mfX~M_Jhsfb2Bcf`mhp,^X0h_JTJh.+ Bbkb^vh_pªh_q*0hv]D[M`T_b^f_u]m~M`m`mhf_Jfhbkb^h_6h`±fqao
]m[`e]mf_,f`mﬀ0h`ﬀJ_²
=±³´hµ
~ 	nb^	Hpfb^uI4m~MJ~,`n_J~M`]m~,_o 6°o¦]T~,_ﬀ+EB«bkb^6]mhIh`T] ]T
7Mo9±f6]mrbhBh`mfJ,kt]mRHpf/+

!
¤2¤2¡rJfmJf_Jf`J9b[&5¯J[fJ^~,`¶]mdbhBh`mfJ,kn]mHpf]ThI~,_Jf f`¶]m<4T~,J_i]mﬃ0,`m+ JfJJ
h~,pJfqk~,`0h_p`mﬀfh_p_q[MkJ%h[Meb2B&[b^,~,pk	4Qe]mªpﬀf~,`m_pJJQqk~,`n]mf_HpfJ_TJ^bk^_JT`8ﬀ0,`T
]mt[Mkb^bkuE;5+3Bbkb^th_6h_pJ*0ht]D[`m_ub^[l_Jlmb[°q^~M`nfnO[b*hTb^htf`I5¯~M`QfJ^~,`9]m*7M\­
]mrbhBh`mfJ,k]mRHpfﬀ+
L=[%f~,Jpﬀq^~M`0Ih5«hﬀ[Mbkﬀ0h`ﬀmph`m]TJh`(h~'0TJb^h_	sm~,`m_mph_ph`ﬀq_¬]D[M`m_bkHpf¬[Mk`m_J)$m
b^h_­`mhTJJk`m~,_«[M_p_J~fh^f_ﬀ,`T~Mqw0h`ﬀI~,m{bkh_eHpq_]m_J[WMhmp_ebk~,mp]mh_+ JfpqPh~MJJfJ^~,``CBh_
D[M_TJ^b^k_Jfd]D[M`T_`m~Mqp9[M`D[MbY:a_J+L=[f~,Jpﬀq^~M`q~Mq[Mb^fibhBhpJfm_:a_pJﬀ[q$m9[M_J_p~)f^f
h` 5¯~,`Qqk~,`¶]mgbhBh`ThJM^di]mnb^[wm_Jfm]m~,J[Mm^]Tkqd,h~'0fJJ$aTd]mHpflh_pi]T~,`m`mf _pmlb^[
  Łn	

	  

#)+@-W!.Kﬀﬁﬃﬂ ﬁ!ﬀ"$#&%(' "ﬂ ﬁ)*!ﬂ+#,ﬂ-/.ﬁﬂ ﬃ-1023)46587ﬂ:9;ﬂ ;<=%(ﬂ ﬁﬃﬂ 5,>6?-ﬃﬀ<@5ﬂ+ﬀ-ﬁACBD' ﬁﬁ!E45ﬂFﬀ-ﬃ-ﬃC !'ﬂ
02G#ﬃﬀ!@ﬃﬂ:9Hﬂ "JIﬀ" ﬁ!ﬀ"K#,ﬂ3<=%(' "ﬂ ﬁ)*!ﬂL0Mﬂ "J7
65,N9Hﬂ F#,ﬂ<OQP-ﬃﬂ 5#,ﬀ86P,!#!@ﬃ'R)S'ﬀBD' ﬁﬁ!ET5ﬂ$0Mﬂ "U?
ﬀ-N9#5
.ﬁﬂ WV
D,mp#)+ -p!)+eL	BcfJJfm_pmGXN
!
h_pm`mRf~'I~,_J[M`ﬀqsI~,[M`ﬀqv]m
bhBhJphmu_:a_pJﬀ[q$m
q~Mq[Mb^
]m`m~'ZYTJhT_Jh_r[`D[Mb:a_ph_ﬀ+ B«`RD[pqhmbk^frBh_rm`5\[fJhmªb^*0kq[M`ﬀ6]D[M`m_tb^[8f_Jmp
]mb^[ d[M_p_J0]m $D[\[wq~MC+

D`F]mph]mT^J(hJJk`Qhfpq4qm]TQb^f_s[`D[Mb:a_ph_v]mw[M_p_J0]m
q~,w]m[M`m_ªbkM0~5]T
bkhTJ~,`^]6HpfJ_ªTJ^b^k_Jf`ub[(d[_J_Js]m_YI~,_J~,`a` 4m[M]mJ~M`m*$mlI~,mkO[MbkbYmph
b[ﬃh~,pJfqk~,` h` h`mfJ,k ﬂŁF..#2+=>®~,TW]mlm`mkmh ffpqŁhJphm^bf_pWhﬀ[Mbkﬀ0h`ﬀ X~M_J_JYmb^
]CB&[mmb^$mhm`TXf~,Jpﬀq^~M` phb^[qY,t]D[M`T_6b^[l_Jlmb[°q^~M`ﬂGFFp#2+
JfJJaf~,Jpﬀq^~M`±h_TJ^bk^_JftX~Mm6J~,Tub^f_	Hpq_6^`m]mfXf`m]mw0h`ﬀu]msb^[i_J[/,hT]m±m[MpJ~,`
^`m4q[bh+ >®~,m®]mh_lHpfJ_®]me_q[/,fmJ_­b^~,m]Th_\mp^`Qf^D[Mbkﬀ0h`ﬀ=b^f_$D[\[_dc} b[P5¯q['f`ﬀ[J^~,`rh_
mb^m_e]mmpªf~,`n_ﬀBc[pqh`T] 6
m`mrh~,pJﬀqk~,`n]m4j fJh`ﬀJ`m~Mq[w0h`ﬀeX~Mmeb2Bcf`mhp,^uh`n]T<4m~,p_
]mw0,`m.+)L?[xh~MJJfJ^~,`0]CBh`mfJ,k6I~,m«bkh_«_q[/,fmJ_eb^~,TJ]mf_¬f_p[fJmhbkb^f` 6tb2Bcqm]m6]D[M`T_
ZRe
+
;=<>;?<>@?<Of Bhg SDPTKHjiUN*K9L H2C PTYlkaKDH2YfKnmgC PpohqmCXPTLK
L	B*0mmbk_J^~M`ŁJ~M[Mbkd]mf_lD[Mq~,`T_R$m^`ﬀJhq[,^_p_Jh`ﬀf_plJ	:f_R5\[MbYmbk]m[M`m_lbkdmb^[M` qJ[M`m_o
,hp_J.+L?[gh~,`T_Jh[qk~,`F]T0b2Bcf`mhp,^Tmb^_p^~,`I~,_Js]m~,`Q($mbkrYm^b^[M`]mf_
mTb^_Jk~,`m_
qq[`m_MhJ_ph_«]mJ~,Tqf_{b^f_{D[Mqhmbkh_{mp~5]TmkJh_­bk~,J_­]mbhB^`ﬀJhq[.fqk~,`s_p~,k$am[M_Jf`{`aTbh+.L?f_
`mhTJJk`m~,_]m,J[M`m]m*0mmbk_Jk~,`sqJ[M`m_,hp_J.)$mD`m_p~,`ﬀem[M_«]mfJﬀfJh_5[mD[MJ[M^_p_Jh`ﬀ¬]D[M`T_4f
   >  *	 	

	
Ym^b^[M`W_p~,m_r5¯~M70
]CBh`ThJM^
Jq[M`T_,fJ_pJd[M`E$am[M`ﬀq+	u`m
,q[`m]mlf`mhp,^ad[M`E$am[M`ﬀqsIh5
hﬀ[Mbkﬀ0h`ﬀ
qJgb^[±_Jk,`D[JmJg]KB&[M5qJf_D[Mq*fmb^f_l_pq[CYmbkh_J$m`CB^`ﬀqfq[MM^_J_ph`ﬀiD[M_]m[M`m_b^
]mfJﬀfJhm®Jhb¬b^0_JmIhpD[MpJh`D[^Jb^0mb^T_sb^f,hv]D[M`T_Mhfpq[M^`m_a~a]I:fb^h_v_JTXfJ_:f0fJJ*$mf_
[WMﬀ8f~,`m_ph[J^~,`F]mdb^[ 
o¦D[JkJ+ JJqd,q[M`T]mhm
h_lJh~,`T_pqpmkJ6 D[MpJ^v]mh_ahfb^b^Tb^h_
]mh[Mb^~MJ*:fJJR.Bcf_p
X~Mm7$m~,«~,`ŁD[Mpb^]CBh`ThJM^iqq[`m_MhJ_ps[M`Q$D[M`ﬀJN D¶Tb^T70M-$m
]CBcTmb^_p^~,`dJq[M`T_,fJ_pa[M`Q$D[M`ﬀJ YT^h`I$m-hf_u]mf.;9`m~q^~M`m__J~,4ﬀ$mYM[b^h`ﬀJh_XﬂGF%.#h+
L=[lTJ~Hpfqk~,`g_Jfb^~,`W~,d]TtbhBh`mfJ,kªqJ[M`m_Mhp_JXd[M`E$am[M`ﬀqRYmpTqtf_p]mD`m^tm[MbhB~,5o
X~,_pl]mlb^[d_J~w0s]mf_xh~'0I~,_q[M`ﬀJh_xN
{
~,Nl]msb[s$D[M]TJ4o2*0mmbk_J^~M` ]TR54D[$m9hfb^bkmb^
]m&h[Mb^~MJ*:fJJuhb^fJJ~'[M,`mq$aTf6]m K
N D
  >
{ﬁﬀ

'
£ ﬂ
ﬃ 
¡¯ ¢¢!¢ 2§
#" ¡
b%$
]
N
ﬃ
{ﬁﬀ

$#f+'&ﬀ
ND
  >
')(
ND*
  >
{

=
N D	
 + >


$#)+ -WDﬀ
L?f_hhbkb^mbkh_{]Td, MJJ~,$YmpE:ﬀ[M`ﬀJh_ﬀ`m_p~,`ﬀem[M_«Tqkb^^_phf_ﬀ+L	Bh`mfJ,kPd[M`E$am[M`ﬀq+YmJ5qh_
h`m_pmkJnf~,Jp^,fX~,TmJf`m]mJ6h`wh~'0TJ6bkh_h~MJJfJ^~,`m_«]CBh`ThJM^]mh_¬~YfHpq_¬Jh~,`m_qpmkJ_
AHpfJ_ﬀ=hbkﬀfJJ~,`T_sfsI4m~MJ~,`m_q}=]mdb^[I5¯q[.fqk~,`Ł]CBcf`mhp,^]D[M`m_sb^ ]mh_PHpfq_sfl]TdbhBh`Tho
,^g]mfX~M_Jh ]D[M`T_0bk O[Mbk~,J :qpnD[Mib^f_Jlm~,`T_ﬀ+(B`TD`C«fb^b^gf_p(h~MJJk,h9]m9b2BcmTb^_Jk~,`
qq[`m_MhJ_p
]Th_nlm~,`m_pﬀf~,`m_pJJm4q_6D[Mbkt_JIﬀfJJ~':fJJL6Jlm~,`T_s 5 +#f+*#)+i +
-/.0-/.21 3547698:6<;>=@?A4ABC?EDGFIHG6
LQf_rlm~M`m_u]ThI~,_Jf`Xfw]CBh`mfJ,k
]D[`m_ªbkah[Mb^~,p*:fJJ+ Js_J~M`ªb^f_u_phmbkh_ªm[MpJ*hTb^h_
54D[MJMhh_ 6
X~,),~,k_ﬀBh`9ﬀ54m[MmIhﬀ+Ju`g_JIﬀqp~' :qp16Rlm~,`T_h_^`m_[Mbkb^ 6sbhB;aJhJkhm]m
O[Mbk~,J :qJuX~Mmb^f_6]TfqfJhﬀ+
;=<>;?<LK®<NM BDK±YPOIKaEMLGmQﬀL H2KR m_qTGQPmY
LQ_JIﬀqp~' :qp 6xlT~,`m_nﬂGF!p#_Jqf~'I~,_p]CBcT`mu_pﬀq^~M`(fh`ﬀqJ[Mb^]CBc[hh5[M`Qf0 7=

-
f{]T]mf.;l_pﬀq^~M`m_ 6 bhBc[W[M`ﬀ®f 6ªbhBc[MJp :fJ«]ml]mqfqfm$mafJh`m]mf`ﬀ«b[qh~,EMhqmpHpm_7$CB 6
 7?

@)+
J 4D[$mR_Jfqk~,` h_gh~'0X~M_JhR]mwJJ~,k_8h~MQ54mh_Ih~M`Qhf`JJ$aTh_ K

S  J f~,`m_Jk_pq[M`ﬀ
54D[hT`mdf` m`Fh`m_pﬀZYmbk]T0JpYXf_ 6 ]mhpM+
Z
[M`m_vb[9D[Mqk(fh`ﬀqJ[Mb^.?b^h_tJpYXf_ 6 ]mhpM
+T 5 $%8# ! !UWVYX $# Z$%5[\J]_^a`abcTXd[t_J~M`ahf.;F]m 
m`  +¦bk_
_p~,`ﬀs~,p^f`Jh_
_Jhbk~,` b2B&[ ;T
tMuE+
Z
[M`m_b^f_6_pﬀq^~M`m_6[W[M`ﬀﬀmb^f_fe,gh7]m 
6m` e~,`ﬀfqrpﬀ0mb[fh_D[M]Th_qk`m4o$qpYIh_ 6
]mhp,l+i #&! #kjlXG$# Z$% [\]_^a`abYimX[d«Tb^m_eJh_p^_[M`ﬀq_+J6` Ymb^k`m]D[MMª[vhﬀ[Mbkﬀ0h`ﬀqª[pHp~,TJ
6ib2B&[/[M`ﬀ6X~MmmJ~qhMh6b^t_JIﬀq~':fJJr]mf_uJ[M]m[°q^~M`m_ﬀ+lL?[D[Mqkt^`E5¯fJ^fmJt]T±]mqﬀqfm
h_pX0~,^`T_^`m_qpQf`ﬀqh9h[Mthbkb^lf_p
~)hmIhiD[Mtb^[n_pJJQqmp_pmmI~,pq[M`ﬀ
b2Bcf`m_JZYmbk]m
_JIﬀfJJ~':fJJ.+
n
p~,^_«[Md[`J_­q~MJ~Wo$]D[M.;W¯m`0D[M_JfJ^~,`{_p~,`ﬀk`m_pq[Mb^bkh_{f`JJ6b^f_	h~,Q54Th_

pS ]m0_JIﬀo
q~':fJJ¬f{IhJJh`ﬀ{m`T f_Jmp]mbhB*0mmb^_p^~,`t]Th_lT~,`m_{[/Mﬀm`sJh_p~,b^5q^~M`s]CBh`a^p~,`
  Łn	

	   
'D8+L=[W_pqpQfJmJdh` [f^hv]mf_sq~,p~Wo2]Th_s_phi[Mpfq~Mms]m 54D[0]m¶_J~Mb^h`T~Wo2]m±j}5 +®To
,mJv#f+'&ﬀ +
Z
h_nh~'0TJhmp_ 6_h^`ﬀJ^b^b^[qk~,` qp~,^_Pf~,Q54mf_,6bhBc[/M[`6]mh.;W[&fh`ﬀqp }_pkqTh_]mrD[M
f]KB&[M5qJª]mh_J~,J~Po2]mf_ h~'0mb@:fqf`ﬀb^u_JIﬀqJ~ :qJ.+ Jf_]mfJﬀqhTJ_=6sb^fJmJJ[Mmk]mª_p~,`ﬀ
Tqkb^^_ph_ 6lb[-5¯~,^_e]D[M`m_bkª_:a_:ﬀ0t]m]Tﬀhbkh`Q54Tﬀ0h`ﬀ6fI~,meb[spﬀh~M`m_pJJQq^~M`g]mh_PlT~,`m_ﬀ+
LB^`)5¯~,7[qk~,`Jﬀ0X~MJhbkb^]Th__7f^`ﬀqkb^b[°qhTJ_Hp~,TvT`W0,b^I~,[M`ﬀ]D[`m_b[JUHpﬀfJ^~,`9]mf_
lm~,`m_]TWJ[W:M~,`m`mf`ﬀrf~,_70*$m.+
LBc[M,f`Qhf`ﬀn]mf_dqpYIh_ 6 ]mfJM±n]mf_n_7f^`ﬀqkb^b[°qhTJ_ih_gmJf_Jf`J_Jmb[RD,mp#)+ - ©E+
LBh`T_JﬀGYmb^r]m9_JIﬀqp~' :qp 69lm~M`m_h_ªmph_ph`ﬀqv_Jmb^[m,mJ
#)+iQ+
;=<>;?<LK®<4; BDC H$KaE,G?PTYfL HNqDEMLON&G?PVXKY m_qmGQPTY
L?[RJh~,`m_qpQfJ^~,` h_dpO[Mbk^_Jf9]D[M`m_im` mJkhlqT_[/Mﬀ±bk9_JhTb6_pXfJJ~':fJJ 6
lm~,`m_{]mD`m^_p_q[M`ﬀd[M^`T_Jbkh_
	 N  


+L?[Jﬀf~,`m_qJEfqk~,` ]mh_9lm~M`m_ib^~fO[M.; h_
JO[b^^_phf` JJ~,k_fq[MXf_*K

Z
[M`T_454D[.$aTrh~MQ54m

>S Jrﬀbkh_h~Mmm_¬_J~,`ﬀeJhMJ~,mIh_¬I~,m	5¯~,70h]Th_¬_Jhf`J_
]mp~,kJ_ﬀ°b^ 54m[Md[MM`mfJ*$m¬f[`{`aTbT]D[M`T_{b^f_>h~MQ54mh_GSFf J \_pkJmhf_ 6ªb2Bc$;5Jhp^hT
]m9q~,p~Wo2]T f6`mf,b^k,O[TYmb^u]D[M`m_b[Jf~,Q54m

+

LQh_6_Jf'f`ﬀq_6]mh_kh~,Q54Th_IS fJ7_p~,`ﬀªf`m_JTkqrphb^kh_h` m`W_Jhf` SJ mb^m_bk~,`mQ+
C5ffJJs[_J_J~fh^[qk~,`n54m~,m.Ibkh__Jf'0h`ﬀq_ S fJ _p~,`ﬀª[TYD[M`m]m~M`m`mh_+

LQh_v_Jf'f`ﬀq_

 S J"_J~,`ﬀs[M_J_p~)f^f_ 69b^fmtq~,Tﬀ+L?[ ]Ta[J^~,`R]mi]mkJfqk~,`Rh`ﬀqp
b^f__Jf'f`ﬀq_

fSJ h[Mm_ph9D[Mbks54D[0`d[,`mfJ*$mn]m[M`m_b^q~,p~Wo2]mh_TJ^_
h`h~'0Tq
b^~,p_]msb2B&[pHpT_pqf`ﬀfªXf70fub[9f_Jmps]m
bhB*0mmbk_J^~M`g]mlm~M`C+dL?f_
lm~M`m_
]TLYD[_J_J0*0mmbk_Jk~,`XfE,f`ﬀl`miD[M_rqJ[/,hp_Jfsb^J~,J~Wo$]mJBh_lI~,m$aT~,b^f_
_Jf'0h`ﬀq_

fhbkbYD[q[M^ph_t_p~,`ﬀMf~,`m_JfMh_ﬀ+>LQh_v_Jhf`J_ S J"_J~,`ﬀah~,`T_Jh,f_s]D[M`T_
b^[
Jf,^~M` ~
 b2B&[.ﬀhfT[`Qhv]mrb[Rf~,Q54m

h_p6ph]mm4q0¯m^f]W]m ]mqﬀqfm +
Z
kjXhph`ﬀqf_n$D[b^kJh_I~,mm`Ilm~,`9_p~,`ﬀª]mD`mkh_D[MbkvMJ~,mIt]mtqJ[/M[^bsm~,`5o2^]MﬂŁFM©.#
h`95¯~,`QfJ^~,`i]m`m~'ZYTJ]m_Jf'f`ﬀq_e[M_J_p~)f^h_e[M(lm~,`0b^~fO[bh+?>=~,m¬[0hbk^~,ph{_p^,`m4lO[°qMo
f`­b[ªph_p~,b^TJ^~,`
h`i*0mmbk_Jk~,`C m`JlT~,`lb^~fO[b5IhT:
fqp[M_p_J~fh^ 6ªm`mJq[fJh~,`m_qpmkJ
]D[M`m_b^uqq[WHpﬀfJ~,,J[MI4m.+ L=[J$D[MbkkJt]mxhJq
[M_p_J~fh[°q^~M`nh_rh[Mq[qfJ^_phrD[MT`mxM[J[TYmb^
]m

+` ~CYTqkh`ﬀ6[Mb^~MJ_bkh_
	 l  


+ LBh`ThJM^t]mfX~,_phr]D[M`T_6bk%O[b^~,p*:fqpªD[
m`glm~,` Jh~,`m_qpmkf_p6hﬀ[b^ﬀ0h`ﬀTJ^bk^_JfI~,mqh~,pJk,h_J[iJq[pHpfJ~,^ptf6_J~,` h`ThJM^+
-/.0-/. 3 ?A4 6	Dﬀ 4ﬂﬁ 4ﬃ !ﬃ0D ?#"0HGFc6$" ;&%
Z
h.;7]mqﬀqfmJ_&h^hmb^[M^ph_ f~'I~,_ph_ ]m# _pﬀfJhmp_±]mŁ_7f^`ﬀqkb^b^[qfmJ_gIhJqf`ﬀ
]mf~'5qhb^W`m~'ZYmp±]CB^`ﬀJhq[.fqk~,`m_^`mfb[M_q*$mf_(')'C+ L?[ bkﬀfJmJ±]m _Jk,`D[Mb6]m54m[$m
_JﬀqfmWf_pW[M_p_JmphŁD[Mgm` I4m~MJ~'lmb4qkmb^O[Jhm+ Jf_W]TfqfJhmp_W_p~,`ﬀWk`m_pq[Mb^bkh_n_pm9b^f_
YX~,E54m~,`m_]mgh[Mb^~,p*:fJJﬂ6lb2Bck`Jhp^hT]m9q[/:M~,`9^`ﬀqfJ`m]T,e
!
qh~,)5ph`ﬀ6bhB^`ﬀqf[Mbkb^
]msm_phm]T~,q[MT^]m4qM@)?*+

 7?
+*
?
*
+eL?
b^Q0^`T~' :qpth_pªJfmJf_Jh`ﬀJ_Jmub[D,mp#)+ - &E+dL?[
   > *	 	

	

?#)+@-O©EK>ﬂ P,ﬃ'-ﬃﬂ "T86ﬁ!ﬀ" ' <O6ﬃ'ﬂR#5U-ﬁP ﬂ ﬁﬃﬀB ﬁﬃﬂR2QB 5ﬀ"-
<ﬂ-1ﬁ5,?pﬂ-F2Q#,' ﬁ!Sﬂr0Mﬂ "U7
65,N9ﬂ 
<ﬂ->-ﬃ !@"4ﬁ!@<@<O6ﬃﬂ 5,ﬃ-0Mﬂ "r?
ﬀ-N9\V
  Ł 	

	   
b^Q0^`m~M_JkJªf_puh_pJ*0h 60m[MpJ^]mW`m~'ZYmp-~W:,f`±]CB^`ﬀJhq[.fqk~,`m_^`Thb[_pq$mh_


ﬃ

 ¢ 
]mRb[ 5¯J$aTh`Qf ]m hp~,^_pﬀ0h`ﬀ ]mh_g5\[M^_hh[M.;3O f ]mŁb[_pﬀfJ^~,`7(O[.hŁfjXﬀfJMF]mf_
^`ﬀqfq[q^~M`m_l^`Thb[_pq$mh_ 
$¥¥

ﬂŁFW&.#1K	
'
¥

$


ﬀ
+ JJq9_pﬀfJ^~,` (h[h9qkh`ﬀ9h~'0TJ
]msb2B&[hfT[M`Ehs]m
bhB(O[.hkJ
]Twb^Q0^`T~' :qp+lL?[w0h_pmJ
]msb^[0bkQ0^`m~,_pkJ*6
ZRe
h_
]mfq[M^bkb^h6]D[M`T_6b^[sJ}5¯hph`Qfwﬂ%'D.#2+lL	BhJphmphb^[qY,_pmb[lbkQk`m~,_pkq6^`ﬀJh,phth_]mv%E+GF 8+

X#f+@- &.Kp^ﬂ+<@5,BR!@"ﬀB ﬁﬃﬂ #,ﬂ ﬁﬂﬃ V

)465ﬃ7ﬂ ! *-ﬃ!@ﬁ!ﬀ" #5$<@5,BR!@"ﬀB ﬁﬃﬂ ﬂ "Tﬁﬃﬂ+<ﬂ1ﬁ8l.ﬁﬂ ﬃﬀ)*86P,7ﬂ ﬂ  <ﬂ- ? ﬀ587ﬀ"->#5 W6<ﬀﬁ!@B ﬁﬃﬂ*V

#ﬃﬀ!@ﬃﬂ #"C87' B +#,ﬂ;I=ﬀﬂ #5D<@5,BR!@"ﬀB ﬁﬃﬂ1 Sﬂ-81-ﬁﬁﬁ5 ﬁ5,ﬃﬂﬂ "%$& -ﬃﬂ )*BDﬂ "Tﬃ-WVS^ﬂ- #!-ﬃE45ﬂ-hﬃﬀ5,)Sﬂ-
!@"#!ET5ﬂ "4><OP *-ﬃ!@ﬁ!ﬀ"$#,ﬂ- P,7ﬀﬃﬀB 5,<@ﬁ!@P,<@!W6ﬃﬂ 5,ﬃ-:V
-/.0-/.(' 354 698:69;>=p?A4ﬂﬁ4#ﬁﬀ%*) ﬃ 4pH+)	,54@?A4pH ;
L?[_pﬀfJ^~,` -wh[hRq~[Mbk±]CB^`ﬀqfq[qk~,` ' )' [MT9h`a^p~,`3!DﬃZYCe_J~,49]m ; kb^bk[Mp]m_
]m 5¯~,^_b^[w_Jﬀqk~,` -(O[fW]m9mp~5]TQfJ^~,` ]m9D[MkJf_
µ
)
µ
j}5 +-'+&)+*#)+GF, +(J~'0Tqgqf` ]m9b^[
b^Q0^`m~M_JkJg^`m_[M`ﬀq[M`mhWfg]T±bhBc[hh5[M`Qfw,f~'qp*$m¬b^9[.; ]CBc},f`mﬀ0h`ﬀq_9]D[`m_nb^
]mfJﬀfJhm«[°Jqf^`ﬀf`"akJ~,`#)+GF/.v .+ C5mb2Bc~M`lmJf`m]ih`9h~TJbhBh_pD[fﬀ0h`ﬀ«h`ﬀqpb^h_­_JmIho
D[$mfJ_ﬀ4hWq[M.; _JWq[:h`m 6 h`a^p~,` -'+G!0.&v + ¦buf_pgI~,_p_JbYTb^g]CBh`mph,k_pJJhdfn]T
Jﬀf~,`m_qJT^J6q~,T_ hf_},h`Tﬀ0h`ﬀq_mb[ YD[M`m]muD[M_p_q[M`ﬀq[M]Q0^_J_pbYmbk`CBc$;)hh]m[M`ﬀD[M_PF.DMv .+.¦b
h_p`mﬀfh_p_q[MkJ]mu]mfm`m^¬]mh_ hJ4:fJh_emJhk_I~,m¬]mﬀfb^h`E54mhb2B&[$m^_pkqk~,`i]mh_e]m~,`m`Thh_ $aT
_Jhbkﬀq^~M`m`mh`ﬀrd[pHp~MJkq[M^pﬀ0h`ﬀb^f_ª},h`Tﬀ0h`ﬀq_xf~,Jph_JI~,`m]m[M`ﬀ*6]mf_mp~)fh_J_pm_tI4:a_J$aTh_
^`ﬀqfJh_p_q[M`ﬀJ_ﬀ+H¦b>5\[M5r_J^M`D[Mb^fr$m.C5Rbkb[Mp,smp~,,J[w0s]T0E4":a_p*$mi]CBm`mi;5IhJkh`Qf
]m±U:aXs]m
ZRe
tb[J5\[MbYTb^ YD[M`m]m
D[M_p_q[M`ﬀq.Ub^X54m~,;W]mMfh_xhpk	:hJf_ªf_pt_p~,E,f`ﬀt]mhbk*h[/+
L?t_:a_p:v]mr]mhb^f`Q54mf`u]m
ZRe
_paf~'0X~,_pt]mtqp~,^_`mY,h[M.;9_pQﬀfh_J_p5¯_LK

LQ
	  9 



 
KL?gTJﬀ0^f`mMO[M ]m~MkI~,EM~,^sJq[M4qflq[MT^]mf`W¯h`a^p~,`
E+GF21U_fv-wh[hf`ﬀ
bklq :h_x5¯~,ptq[M.;R]KBc},h`Tﬀ0h`ﬀq_
mJ~W,f`D[M`ﬀ
]mF]TfqfJhm+ ¦b
h~M`m_Jk_pqtT`m*$mf`h`gm`gqJ[MkJﬀ0h`ﬀe]mh_]m~M`m`mhf_D[MT`mthbkﬀfJJ~,`T*$m]mf]m^f+

h`T,h[MC,_phmbTbhBh`mfJ,keqJ[M`m_,hp_J6]mhI~,_ph]D[M`T_b^h_®q~,mp_{]m9O[b^~,p*:fqp(3- 5463¬
fub^f_qq[.hh_n54D[Mp,hf_ªpﬀh~M`m_pJJm4qh_ 6m[MpJ^]mf_kf~,mm_6]D[M`m_6b^v, hXDbk
,e
!
fub^
,e
!
73- /h hª=f{]D[M`m_bk_JIﬀqp~' :qp6%lm~,`T_73-98;:dV9<Q®_p~,`ﬀ«mJk_Jf_{h`Jf~'5q+
   > *	 	

	
Level2Detector Level1
Framework
TriggerLumi L2
Global
L2MUO
L2STT
L2CTT
L2PS
L1CTT
L1MUO
L1FPDFPD
MUO
SMT
CFT
CAL L1CAL
CPS
FPS
L2CAL

X#*#D.K	ﬁ)46",!@)*86BRBDﬂ-1#,ﬂ1<OR87

"ﬂ+#,ﬂ+#,' <ﬂ "ﬃ7ﬂ BDﬂ "TWV

)465ﬃ7ﬂﬃ7

"ﬂ3ﬀBRP,<  ﬃﬂ*V

#ﬃﬀ!@ﬃﬂ,^ﬂ->#!p' ﬃﬂ "Tﬃﬂ-ﬀBRPp*-86"4ﬃﬂ-#,ﬂ-d",!SﬂW65+ﬂ +$D SﬂF<ﬂ 5,ﬃ-d!@"4ﬃﬂ 8ﬀ ﬁ!ﬀ"-:V
u`ŁMh`mf`sh_s_phb^fJ^~,`m`T0_p«bhBh`mfJ,kiJq[M`T_,fJ_pd]D[M`T_
m`T~,Łmbkm_Jkhmp_rJ~,mp_
]mO[Mbk~,J :qJf°~,bﬀcTmb^_p^~,`sJq[M`T_,fJ_p]ﬁm`m6~,]Tumbkm_Jkhmp_qq[ﬂhh_¬]mfD[M_J_ph`ﬀ
m`9_Jfm^bQmpO[Mb^[CYmbkﬃ0h`ﬀE;5 Qt[Mﬂ;9]mr_J~,qkt]m9`mMO[M -
f_p6]ﬁh`!a^p~,` -&%r[fv ﬂ

 Q
	¯> 

 ﬁ", 
Kﬂ Q_Jh~,`m]`T,h[MJf]mm4{b^«[.;l]#c$,h`Tﬃ0h`ﬀq_ 6 -1[fv=f{]T^_JI~,_p
]ﬁm`±qT_]ms]Tﬃhk_Jk~,`w]m-&%% 1U_
Z
4j fJf`J_'0(hp~o¦TJ~hh_p_JfmJ_u_J~,`ﬀtTJ^bk^_Jf_uI~,m
Jh~,`m_qpm^pb^f_®k`*)¯~,d[J^~,`T_Q]m+54D[,m_J~,m_o¦]mqfqfm-,ma_J~,`ﬀ[b^~,p_.f~,Jphb^fh_{I~,m
)¯~,/0h]Th_~CY0pfJ_eI4!1a_J,mh_r qJ[hf_
"
[[M_2O[Mbk~,JqJ,mh_
"
hbkﬃfJJ~,`T_
"
0pfJ_
"
lm~,`T_$

 Q
	¯> 

 ﬁ"a  
K Q6JJ~,k_J@:ﬃ0`mMO[Mh_pb[r]mhp`m :fJ6fq[MX6]mn]Tﬃhbkh`354Tﬃ0h`ﬀ&IJ
`mMO[M]T]mﬃf^_Jk~,`h_¬h`ﬀq@:hJf`ﬀ«^`*)¯~,d[°q(,m¬f«5q^bk^_pm`m+)¯f/0]mmp~4fh_p_JhTJ_
X~Mm
$;5ﬃh5qhs]mh_[b^,~,pk	43f_t_JmbkkDf_t]mdpﬃf~,`m_pJJ3qk~,`]mf_l~Y0pq_sE451a_p(,mh_
 QqT_s]mn]Tﬃhk_Jk~,` f_p]m -6%%70_slbkh_s$,f`mﬃ0h`ﬀq_ipfqf`m_[M`T,h[M ±_p~,`ﬀ
h`m_pmkJrh`mph,k_pqph__JT Ym[M`m]mf_
"
[&,ﬃvm`9[Mﬂ;g]mr_J~Mpqkt]m98%;: 
 =[<54D[>=`mr]mr]mhb^f`354mf`uh_6JhTJh_ph`ﬀqfs_pmb[lD,mp
#4*#ﬂ%*
-/.0-/.@? 354BA FDC   ?E?A4 ﬁ4 4 )YF H569; WD+)%; " FIH74 ; ﬃ  6$"0?EDﬃ  ; " F H ﬁ D
ﬁﬀ% ;>4*)%;>4@D
 Qf_]m~,`T`mhf_h`mph,k_pJJhf__pmHYD[`m]mh_e_J~,`ﬀmJ~hf_J_Jfh_m[MebkuTJ~,,J[,+9EGFtQIH%E-J
,aTt[M_J_pmJb^[ Jh~,`T_pqp3fJ^~,` ]Th_g~Y0pq_gI4!1a_J,mh_1+9E3FrQ mp~5]Tmkd]mh_nG54T^hp_9[M.;
)¯~,/[q_ g
!
h f hLK :	Kc$M7N!OQPRH%ﬀ#>JﬀS Qh_]T~,`m`mfh_i[M`D[b1a_Jfh_i[MTf~,mJ_]TUhfpqn	4I:h_pg~,`ﬀ
fqmJ~hf_J_phh_i[&Mﬃdb^[VMhJ_p^~,`IW5X&Y±]m +9EGFtQZ[ ?f_s]m~M`m`mhf_l_J~M`sh`m_pmkJdphD[Mqkh_sf`
]mkjXhph`ﬀq_vb^~MJ_
f`\)¯~,`*fqk~,`Ł]mdbkhm]h~M`Jh`¶I4!1a_J,aT\$,f`mﬃ0h`ﬀq_<smbkJ^0pf
"
Mh`mf`ﬀq_
h~,`ﬀqf`D[M`ﬀ«m`i~,imbkm_Jkhmp_{hbkﬃfJJ~,`T_
"
_``*ﬂJh_b^~q_{]m]T~,`m`mfh_«_J~,`ﬀ«f`m_Jm4qaf~,`!,hqk_¬f`
G54m^fJ_$;TTb^~,4[CYmbkh_¬D[Mbkmp~,,q[ﬂb0]F6{­cHc%M>Jd,mXh_p5q^bk^_phLf~3YD[M_Jª]mh_eh~a]mf_
  Ł 	

	   

]ﬁ&[`D[Mb1a_p. ?f_9f~,JpﬃfJ^~,`T_
"
`m~M[ﬂb0h`ﬀvb[Vh~,pJﬃqk~,` ]ﬁh`ThJM^d]T]0pfJ_slb[O[b^bYTq[J^~,`
]mh_0hbkﬃfJJ~,`T_n[Mk`m_Ja,mWb^h_hpk	:hJf_]#ck]mh`ﬀq4GO[°q^~M` d]T,D[Mbkkqg]Th_d~CY0pfJ_dI4!1a_J,aTh_
_J~,`ﬀu[Mmmbk(,mf_6bk~,J_]T ffpq h~,`!,fJ_p^~,`W]m )¯~,/[&
Z
hﬂ;W 1aIh_6]mtG54mkhJ_ Fu{®F~,`ﬀ6fJ
Tqkb^^_ph_]D[M`T_LhJJ
4E:h_J K
	Hc%J­*W
	 H%!8>J
"
b^])¯~,/[6]ﬁc[M`D[Mb`1a_Js]T±,p~,mI
]mtqq[&[Mkb J~,ﬂ
 =[v_Jlmb[°q^~M`0]Th_mp~4fh_p_Jm_E451a_p(,mh_f_p^`m4q[b^ﬃ0h`ﬀ«pO[Mbk^_Jfum[MeT`g,h`mfq[Jhme]ﬁ,o
`mﬃ0h`ﬀq_0¯D[M$;5ﬃ0mb^­ﬀ
ﬁ
Hﬃﬂ68>J ﬁ Qh_t$,f`mﬃ0h`ﬀq_vh`T,h`m]TJh_r_p~,`ﬀth`m_pmkJmJ~hf_J_ph_
D[M­bkmp~,,q[ﬂb0 9E
"!

ﬁ
Hc%M%ﬂJ3,mm_p(lTb^b^[ªJfX~M`m_J]m]TfqfJhm¬[M<0~61,h`]T0bk~,,h^fb
#

ﬁ%$
 THc%'&>J   Q0mJ~M,q[09E)(
+*
Hc%,% Je[M_J_pmJiD`D[Mbkﬃ0h`ﬀvb[g]mk,kJ^_q[°q^~M`w]mh_vMh`mo
f`J_ﬃ-, hr_pq[M]mtb^f_Mh`mf`ﬀq_6_J(smb^f_~,`ﬀb[9 
ﬃ0_qJ*fqTJ],mtb^f_]m~,`m`mfh_Jfhbkb^h_
fb^['
+54m[ﬂ=`m]mJh~,`m_qp3fJ^~,`ih_¬Tqkb^^_phﬂ >®[M]m)\[T«b^_ 1a_p:]T6]Tﬃhbkh`354Tﬃ0h`ﬀ
`ﬁcf_prD[_t_J(smb^ﬂ# Qmp~,,q[ﬂb0 /r

(
+*
Hc%M©ﬂJIhT/
qp05q^bk^_p 6UhrfjXfﬃQ}uh[M`30~,^`m_
h mJ~,Mq[d`ﬁcf_pD[M_0Tqkb^k_Jg]D[M`T_0bkh_[M`D[Mb`1a_Jh_0]m9I4!1a_J,aT 6 O[Mm_p±]mf_]TkjXhJf`3hf_
(0X~,[M`ﬀJh_{]ﬁh[h4q]m0_1a_p	:ﬃ0u]m]mhbkh`354mf`ﬀ~YT_Jh ,fh_f`ﬀqJbkh_«]m~,`m`Thh_¬Jfhbkb^h_
f6_Jlmb^fh_  QtqJ[MkJﬃ0h`ﬀ6]m±]Tﬃhbkh`354Tﬃ0h`ﬀ]D[`m_ubﬀ&[`D[Mb1a_pv_phJ[]m[Mkb^b^[M/.3c%**#)0­4o
`D[Mb^f`ﬀ
"
bkh_rJf_J~,bkTqk~,`m_rh`Ł(0mmbk_J^~M`wqq[`m_MhJ_pd]mf_
fb^fqp~,`m_bHc%W&>J
"
]Th_ lm~,`m_H1&%ﬂJ«
]mh_ 0pfJ_9H1&%ﬂJ?pﬃf~,`m_pJJm4q_]D[M`T_ub^[i_p(lTb[J^~,`n_p~,`ﬀ6]mhﬀ[]mhf_ªI~,mJfmJ~a]mmkJrb^f_]m^_qJYm5o
q^~M`m_«~Ym_JfMhh_]D[M`m_eb^h_¬]m~,`T`mhf_Jfhbkb^h_.Jh_D0~a]mkGh[qk~,`m__p~,`ﬀphIh/fTqfh__pmbﬀcf`mhp,^
qq[`m_MhJ_p [M`3,D[`J],aTQmJf_Jh`ﬀJl[Mbk~,J_T` YI~,`W[ﬃf~,J] [&,
bkh_]m~,`m`Thh_
   > *	 	

	
 	








	ﬀ



ﬂﬁﬃ! "ﬁﬀ!#%$

&
'(

)
*


 $

ﬃ,+- .

/

(0123 4#5$


67#809!#:
<;
=>)?7#8 @ﬀ 1AB

#C+3ED

ﬀGF
HB4ﬃ48IJ/!#:

2KLﬃ



2K,

MNﬀ3&
OQP8R5R8PTSUWVXESY[Z,\]Z^S_!Za`3b5cedfhg)djikmlﬂn[op%q:gr!st`4u*v(wBx(`mVvZ,y4Zz{
3
|~}4 Ł  }   }  Q

 Ł
  ¢¡¤£h¥§¦¨ª©¬«ﬂ£9­®¦¡
 Qf_b,D[MN[_LYIO[MG¯ [MmD[MJ[M^_p_Jf`0]D[`m_]T `T~ZYmph~¯ mp~4fh_p_Jm_]m . ~5]-°fb^±aq[M`m]D[Mp]
fqT]m^f_l[M
n
[JJ~,`W²®mp~5]T3fJ^~,`´³@µ
Z
]TnD[MkJLc
)
c
"
mJ~a]m3q^~M`[M_p_J~h^fn]mLYX~,_p~,`m_l]T
0J[Mm,«f®]md0pfq_9¶j` c
)
c
"·
c
)
c
"
² c
)
c¢¸
"
]Th_Jk`ﬀqhMq[J^~,`v]m
·
¶
·º¹
c
)
c[¸Uf{]T9,D[MN[q~,»¶
µ
¹
` ca¸
~,f`3h~MJª]m[M`m_b^[vpﬃﬀ¼mf/ﬀ¼mª]m YI~,_J~,`]m :u^M,_ﬂ¶0
¹
c
)
c[¸$
Z
ªTb^m_
"
]Th_D,D[\[_1cIh*Mh`ﬀ
hﬀ[Mbkﬃ0h`ﬀ[mD[MJ[ﬂ=^JJ]D[`m_]mh_«[J_{D`D[Mbk_{]m-¼!1a_J,aTª[Mao¦]mfb½ª]m .¾±
"
D[M¯TTb^]D[M`T_
b^h_=]mf_J^`ﬀJh,J[qk~,`m_=]mD[Mqhmbkh_=_JmIhp_1qp(,mh_N¶\_pJ~,
"
_\YI~MJJ~¿¸$4À¦b5f_p­]m~,`3e(0X~,[M`ﬀ
]muI~,*M~,^«]m4j fJf`3hkh«b^f_ﬁ0pq_e^_J_pm_¬]mubﬀ5¼m[M]mJ~M`m^_J[qk~,`]ﬁm` ,D[MN[ c]mh_e[MTJJh_d0pfJ_ﬃ~µﬃf
XfT_J])\[M^p,^Áhv[M~¯gmJ~,TJ^qf_D[MpJ(fmb^K°hJf_]m,D[M\[KcJ²
Â
 Qh_»¼m[M]mJ~M`m_JYIO[MG¯ `T±_JW]mh_p^`ﬀ°f,Jf`ﬀU,m±D[k`JhJ[fJ^~,` )\[MbYmbk
Z
Wmb^T_bffJJ
]mf_J^`ﬀJh,J[qk~,` h_Rq[Mbkh`ﬀqkFm[Mwb[c)\[MbYTb^ M[b^hT±]m Jh/0 ]T¶b[I[JJ(fÄÃ¤Å 8
ÆÈÇ
¡

Æ
' 3 Éc3
*
-ÊÌË
3~É&3,3
- ) H 86J cu` f_J~,`ºÍ [m`TŁ]TmJf]ma^w]ﬁh`!a^p~,` ﬂ 8¶T_
_J~Mk¤ÎﬀÏÐ
*
3,3
1ÒÑ H 8>Jﬀ*Ó®~,Ttm`Ô¼m[M]mJ~M`Ł]T !% /r21 ﬂ
"
fhb^[n_JqJ[M]mm4tD[Mtm`T0]T^_o
[`3h]TD,~,b5]D[M`m_®b^eJ)¯fJf`J^fbT]mlb^[CYI~,q[J~,^p«]ﬁcf`!5kJ~,`lLbV> Qh_­Jq[fh_{k_J_JTh_{]mf_
mp~5]mTkq_]mr]mh_p^`ﬀqf,q[J^~,`d]mÕÍﬃ`T h~,`!,fJ,f`ﬀª]m~M`3tmb^T_[MU,fpq¯9mp([M^pL[M^_
½
T`b,fpJa¯d_Jﬃf~,`m]D[^J6]mfmb[f
"
,mXfT[b^~,p_ 
fqpªpﬃh~M`m_pJJm4&GÓ­[M h~M`m_J,aTh`ﬀahf_
qJ[hf_gX~M_J_^°f]mh`ﬀ9m` Mq[M`m] D[Mq[ﬂÖ°qJW]ﬁ(0D[f¾¶\]T^_pq[M`3fk`m([Mbkn]ﬁc[Mmmp~4ﬀ¼m¸
D[M0q[mX~Mp[Mc,hq¯ mp([M^p%,
ZRe
"
]Th~¯ [Mbk,~,J4¼30h_sTqkb^^_ph`ﬀ;hJJ±^`4)¯~,o
[qk~,` I~,m^]mf`JkDfnb^f_]0pq_Uc6a Q±TJﬃ0^f
"
[MmIhbkFzØ× [ ¶2z ^ﬀÙﬀÚEÛÝÜUmÞßÔ× ^aÞaà ^,á
[U | |9^aÞ,¸9H1& ﬂﬃJ
"
Jh~,`m_qpmkr]mf_ ,hq¯Ł_Jﬃf~,`m]D[^Jf_rfr^]Th`ﬀq4Db^f_Z0pfq_Dc
h` )¯~,`3q^~M`
   h
	*     N	  	6 
 

 p  d> 


]mgb[w]T^_pq[M`3f ]TM~,b]mfh_;,hq¯#  Qg_Jh~,`T] [Mbk,~,J4¼30
"
`m~b09x%T ¶$x^aà
9Zﬁ^aà ^,TÞﬀÚW]aU]kVMà®ß¢¸
"
,aT{_Jfq[n]m[Mkb^b^
[M .r4*#
"
h~GYm^`m
b^
D[Mq[ﬂÖ°qJ
]ﬁ(0D[f
]mh_Jq[fh_tf`m`mmp~YD[CYmkb^4q ,aTb^ 0pt_J~,4k_J_JR]mMhqa¯mJd[MkJﬂ X 3<e [nfJ
h`ﬀqK°hpﬃ0h`ﬀ]mMhbk~,mI
D[b^t,p~,mI
Ze
]mvb %ÀÓ2: µL
Â
 Q',D[M\[ cuh_mb^T_b^~,mp]U,mtb^f_[MTqph_a,D[MN[_¬¶®½lb a¯4hfTqk~,`9]m,D[M\[0q~, ¸
"
[&,
ﬀ

Ð
*
Éﬂﬁﬃ! "$#&%('
H 8>Jﬀ*À¦bh`FJh_pmbkJ;,aT]ﬁm`m0D[Mrb[U[M_J_p0k`!M[J[`J]m\Mhqa¯
_Jh~,`m]m[M^pl]m]mf_JkJh,J[qk~,`w]ﬁm` ¼D[]mJ~,` YIO[Mf_prmbkm_fb^Mh],aT]ﬁ&[TqpD[Mp
b[L)¯J[M0h`ﬀ[J^~,`if_p¬mb^T_¬]TmJﬂ4 Qf_d0pq_¬]me,am[M\[$c~,`ﬀe[Mk`m_JDm`)M`muTb^m_«~,*Mh
b^f_D[Mqhmbkh_[_J_J~hkhf_j½sm`nqfb50pX~M_J_^°f]mh`ﬀm`Ttmb^m_,q[M`T]mªmTb^_Jk~,`iqq[`5Mhp_J
Jfb[J,f`ﬀj½0bﬀ&[4¯Tt]T<0pJ¶ '+*  -,¢ ¸
Â
 Qh_¼m[M]mJ~M`m_ YIO[MG¯s~M`®m`sq[M~¯
]me]mh_p^`ﬀqf,q[J^~,`
_J>o¦b^fTq~M`m(,mmbkm_­fb^$,D,meb^f_
¼D[M]mp~,`m_.ﬀ¼D[M/0h_­~,fJq[M`mMh_ﬃ
Z
mbkm_
"
b (0mmbk_Jk~,`tqq[`m_MhJ_pJfb[J,e]mb^fTq~M`lh_
mb^T_vfb^$,h,mdI~,mrm`T]mf_Jk`Jh,J[qk~,`R_J>o¦b^fTq~M`m(,m]ﬁm`Ô¼D[M]mp~,`\ﬀ¼m[M/0i~,
fJq[M`mM
"
f~bﬀckb^bkm_pJJ«b[ªDMmJ4 ﬂ Qh_#0pfJ_]m+,D[MN[rc¬Ih4,h`ﬀ[M^`T_J
qp^]mf`J4o
Dh_h`npﬃﬀ¼mf/ﬀ¼D[M`ﬀ6m`nbkhTJ~,`n]D[`m_bkL)M`m]m 0p
"
h`gI~,_q[`eMh`ﬀqThb^bkﬃ0h`ﬀm`T
h~,TmmJk`*)¯hp^fmJ_pmmmbkﬃ0h`ﬀ[^J_pm_J~M` '.*
 /,$¢
7µfpqe0f¼T~5]m]ﬁck]mh`ﬀJkGh[qk~,`h_
hﬀ[b^ﬃ0h`ﬀQ5q^bk^_phL½
ZRe
"
D[MpJ(fmb^K°hJf`ﬀQX~MmQb^f_Q]mh_p^`ﬀqf,q[J^~,`T_Q_Jﬃ04oQlm~,`T(,mh_
]m¿¼m[M]mJ~M`m_GYIO[MG¯#eÀ¦b¬h_plh`j lmbkm_l[Mk_J0]mdpﬃf~,`m_pJJmkJm`Tlm~,`F]D[M`m_
m`V0p
,ﬁcT`ghb^fJJ~,`ﬁ+01^ﬃqp~3254.0pf6487mhI~34J2ﬀ	1^hT2ThJM^7:9;254<1^ (9=1k~,JÖ°qpu>1I4
7m f>1^?7m@4Jf:9MJf	1 1^fJJ~32A7m J4pJ$7TR0p&ÝµJq]0f^¼m~.7T!2ﬁc4pB7m~32*@9Mm51k((9TY51^
,mC7:9;2541k 9=47ﬁ52mD7m4p>2ﬀqf,E9°q^~=2F4JHG lT~32m(,m
"
h ,aT h~MJJ4JI~3257 ½02!a^p~32
ﬂ ©I7m4 0pf64J7m cÔ¶\2 >2*1^59=2ﬀJ1k4J7Tﬃhp~,>4K4E9=2*h4A7T^JfJ_c
¹
Î 1MLNŁfn>257mkJfq
c
¹ O
Î
¹ OQP
1MLRN§¸f?7mfX257wmp>23f^:9=1kﬃ02ﬀ	7m$1 (9ﬂhkJ@7m
pﬃf~3254pJJ3qk~32F7m4
lm~32+4ﬃBµJq;0f^¼m~.7T4pD7m~32*31^~Y59=1^2'~,S254-b9h,m;h1>1^4RY:9=4ph4$4JT
1^ªJﬃ054	7m ,~31
"
,mM4ﬃT9Mm51k(,m@½lq~M54	1^4 0pE4 c6
U
V&W>XHY
U
V=Z
U
[(\^]
X`_
h_c
Entries  1136
Mean   0.5509
RMS    0.3441
 (GeV/c)Trelp
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 20
0.02
0.04
0.06
0.08
0.1
0.12
0.14
pTrel - jets c 
 templatesTrel P
bMC Z->b
cMC Z->c 
MC QCD inclusive

a4 ﬂ ²

)46587ﬂ ﬀ<OF#,'6a",!@ﬁ!ﬀ"G#,ﬂd<=% !@BRP,5,<-ﬁ!ﬀ" ﬁ86" Sﬂ ﬃ-ﬃﬂ>#5 B 5ﬀ" ﬃﬂ <O6ﬁ!Sﬂ BDﬂ "T;2F<=% ﬂd#5F.ﬁﬂ ^b
c
*
 -,¢
V

#ﬃﬀ!@ﬃﬂ<ﬂF-ﬁPpﬂ ﬁﬃﬂ+ﬂ "
c
*
 -,$¢
P ﬀ5,#,ﬂ-dB 5ﬀ"-#6"- #,ﬂ-.ﬁﬂ ﬃ-d-ﬁ!@B 5,<'-#,ﬂ+ET5
6-dC-fe0M#!-ﬃET5ﬂ-
ﬃﬀ5,)Sﬂ-\96b#,ﬂFE45
6-d-fgR0MW6ﬁﬃ'- Sﬂ ﬁﬃ-\9;ﬂ  #,ﬂ+ET5
6-dC-d<' )Sﬂ ﬃ-30bﬁﬁ!O6",)*<ﬂ->?,<ﬂ 5-N9\V
          k


X 3<e
 
³2 4
	 14M9;1	
^¼34/Y:9;44 4 154 72	31	@4 1>9ﬀﬁ	3254ﬂ
3	32$72ﬃ	32+4
7:9=254f14d0
E4
"
4 ¼	 74 S72"!#2 14f4E9&64<1	K74j²
>23:9=1ﬃ$2f14#0
E4c+ 9>4
95464
 7420
E4B79,%:9&\[ 4 Î ¶ÎﬀÏÕÐ('*)) 1ÒÑ
"
ﬀ,+	Ð('
É
*
ﬃ! 
-
#;% '
¸	759=254.+29$	>2+7]$4
Óf154;J9&S2:9=12
"
ﬁﬁﬂ 9S24
74>2ﬁ69&	3254Ì¼:9=7
	32,/4 71ﬁ	32´Ï10@aÏ32546 1 Ñ
"
ﬀ8729'
É
4
ﬃ! 
-
#;%'
¸ :ﬁ42;ﬁ 9;1ﬃ$2a	32
bYﬃ#<=	54	9=1S1	32+4D 9>22:9=287 9S1>1ﬁ 1ﬀﬂ9;1`G
	"¼3$LX 3<e 9&>E9&64$7 4E9 74ﬁ
	32?¼ﬁ	
(,%@@7 4
	32A+1ﬃ$2E9&	32 7:9=2+4
1 Ba¯CD23@E
e
d FG
	44K454@7<;9=1S7:9&	32 7 1 T9=1	"¼3$HD	4	32>>1>4E9I	=2F7:9=2+4
74 9=2:9=1`1 44 7J-¼!1 4,/F4E9a¯C51,%/µK 9=1	
¼* 4ﬁ69A:9&
1>94"LS1S4A7:9=2+4
1 B+7!7@1 9G
	.7*	32,1ﬃ	ﬂ)9bY517V,%:9\[	
"
4
2C9& . 3
M N>O
P,QSR¿¦Q¥Ý­t£ﬀTLUWV XJY[Z.\
 -T9=1	"¼3$ﬃ]39e^4
`_:9;4 4
529¼	 7 7ﬁB>72"!G(9&	327420
E4ab>1>4E9;2%?1
:9E9ﬂÖ°C7ﬁc5974`69ﬁ4$9=464
	4ﬁ4@½,52 0
&ÒÓd	 ﬀ¼59,%$E9
"
1>9e
	_:9_S1"C7
ﬃ$54@7<	=1
"
B4ﬂ.½ 7 1 9,
	_:9_S1"9,%ﬁ$E9$	6/2+2 7\
a¯AJ9&
"
4
 7ﬁ
 7 4	=2f59E9 ° 7#c:9ﬂ&. M9g	_:9_S1 7Uﬀ¼:9,%,69ﬁJ70
G4
@2 G
4"31	_:9=1ﬃ$2 ﬁ	h_>2:	ﬀ	_C2K+2`	_:9_S1?7.54 7'	31D:9[0
&-µK
¼	 7@9 7 0^½@]S42jiH*/$7:9=2+4=+154
ﬁ64ka¯C:ﬁ
2*ﬁ4?7V M0/Ó H1&l6J 
m/.0-/.on p("(CIHﬀ" q/)  H+)Y4 4pH A  ?A= ;  4 ﬁhr "+? A+)%;
 F`:9&E9 °!7ﬁB($:987ﬁB52HE9ﬂﬁ ﬀ¼:9
ﬁH4
?1 9 7S4
 9;23ﬁ $>2J9;1=2
$1>9h69 0
ﬃ^G
	7f1 9ﬀE9
"
42ﬁﬀ:9&s+2	¼1ﬁ
"
 1-
a¯b
( 9
 7 1 B>2E9	=2ﬁµK	$
2%Q7 1 98
4
	31	327$
ﬃ	3254
3	32 74`69ﬁ4H$7 
¯
"
1G:969Ö°
 7ﬁB($:9
4

	4ﬀ¼ 7%:	
74@69ﬁ4J74»½ 74e:9ﬂﬁ514@	62:9=2J7Iﬁ
a¯tJ9&ﬂ
µLc4
;52bE9=2+7ﬁ	7!:2$759=254B1 B459ﬁ¤½G	>487254	3254
"
,/s:ﬁC4
$7ﬃﬁ	:	34;2
52L	$D	3469=2=E9;254ﬁ64
`K52'	:	3469=21	32"57>2:9=1
"
41	32 1ﬀﬂ9E¯C?7 )9S4/ﬁ9ﬁ M9
	S254u_D	=252b4
	31C	=24
1	=2F1 T9E¯CwvJ7)9S4/(92	54 ﬁ	3269>21½ 2ﬁB>1S4a,/ 1 B>2*)x	 G
J9&	32 7:9;2541b51>9=2jE9=254 64ﬂd M969 0
ﬃ	J¼1(ﬁ	Po/7:9=1!7ﬁB52ﬃ:9&
ﬁ51 ﬀ¼59 7:9=2+4
52ﬀ¼:9$7 932,/`	2!4
1	=2j52 9E¯Cwv$4
 (9&E9ﬁ
>4
ﬁH:9eﬁS23,e59E9 °4¤²
Â
9edy¤²:1`:9&E9 °!7ﬁB($:9ﬀ69=254ﬁK4h59kE9D	ﬂ½ 1 B	>2?74e	C	K7	3252ﬁ4
"
Â
9edz¤²:1`:9&E9 °!7ﬁB($:981	3257>259=1
"
Â|{
y¤²:1 T9=2=1!9}(ﬃC 9=1 9LDﬁ
"
Ât~&.
²:1`:9=4	7@1ﬀ5¼1ﬁ
"
Â
#
'+* ²+1 9Rﬀ¼:9
$7@1 9ﬃ:9ﬂﬁ517/S4ﬁH:9&84	32J($51S4	=2e69=254ﬁK4
"
 1;:969Ö°
7ﬁB($:9<7:9=2+4<1;51 9=2E9;254ﬁ64
@7ﬁ:257 ½ 1>9 )x	S4 71 9h:	34"	32 7 ﬁﬂ¯
J98G20xIIŁIIzﬀB7@1 9ﬃ:	34
	32A7@1 9hE9@7:9=254	1`+1 9=2,69=254 ﬁK4
"
9edy@²
<e1Ł=2 9esy |0
É
/
"
¶S4 ﬂ4¸
	 
;20x
={
y
%

{
y*)4ﬂ 1Sﬃ52 9&:ﬁ
D257ﬁ51>9
½	1>987
ﬃ	32@7 1 9ﬀE9
7:9=2541w+1 9=2E9=2+464
BÓd	52wE9ﬂﬁ 9;464	ﬁﬁ"½52b0

"
/sŁb4ﬂ!432w:969:	
1½
      	
  	
ﬀﬁ	
1 T9E¯C 7e0

"
29)x	32*	32$7C4
32f7
%ﬁ
ﬃﬂu	  ﬂB7432 1 T9=2312
 1 :9&E9 °f7ﬁB($:9
	1 T9E¯C@7R0

"
ﬁ	`S1>154
4
	1 9ﬃ!#b* l4
!#"
$&%
')(+*
*-,-./+(
0
1
(+,2*&(43
5
,&6879.6:,2(
;=<?>A@
* l~²BDC6aﬀEF8G&FIHJEK	LNMOPQORTSUG&P-VWKﬁX F8R9MOJYUGZG&PQOEﬀ[&\VUP-[-VA]_^ Ł [&F8`aEﬀCAMOPbXcOE`abIVWdUefgﬀh
 M9G4	31	32A4B1`:969Ö°
!7ﬁc59	7D257 7	323@7@1 9<,%:9=17Hﬁ	3254ﬂ3	32
7 ﬁﬂa¯ $7
1 9,69ﬁﬂeÓf1E)&],/J/sŁ
"
>14
w$)xﬁ69_51 7ﬁB>1S4!1 9 4=2!G9=23$2
:9E9ﬂÖ°!7#c:9ﬂ
"
B4ﬂKG½G-7!1`59E9 °!7ﬁB($:987`CS4H:984
	32Jﬁ
ﬁ@²
i
Łu2 /sŁ
#_jﬁk-lam&n
"
¶S4 l ¸
9&!:2F7#ﬂ9&
2/ﬁ'ﬁ
E9>2+4.poD647w4	31	32ﬁ M9 7S4

_C	=2J2432!3(9=23D4
32ﬁh:	
74.E94`S46447 ﬁ
a¯gJ9@7	"rqC41
(,%ﬃ ﬁ2%$2 %
"
1 9J7S4:ﬁK4	=2
2e
	6259=2;,/ 7 1>9J
4	=1	32 4 14bE9ﬂﬁ4h 1ﬁﬂa¯  ,;Tﬁ	32E9
"
74ﬃ69ﬁ4
	62:9=2<7#c52;
a¯J4ﬃ	3257:9&	751 9ﬂﬁB7	2 96	+2;E9=257?4
32"!G(9;23ﬁu:	34"
 9!L4 g
ﬁ
42 1 9F7>4
_	32 2 4
32!G9=23ﬁJ4=2ﬁ,:	 7soDﬁ24 469&ﬁ64
7 0
ﬃS F4 0
E4 7 4E9&64 1	674 ¶ a$ÌÎ¢¸b422ﬁ	$/f+2 a¯4¢°4
759=254 1>9
ﬁ	327 432"!G(9=2*ﬁh:	34
`ﬂÒµLB4ﬂHﬁ 9=1ﬃ$2?199=4
"
7:9=254.52R$	>2+7 4

"
:	
14Z0
E4@1ﬁK4 ¶ut
"vG"MP
H31	3254ﬀ¸BµKﬃ 4
51 7ﬃ69ﬁ4w
	6259=2C7
Ç
y
¶x:9
(514@½
E9=2+7 ﬃ$54 7 	31Z,/<4A74S2%^°ﬁ
2 9&=9;2% 1 7 78E94
"
1S14C1xw	 1
Å
y
y
¸k42647:9=254B14-0
E4B1ﬁK4z M9$:9&
@2ﬁ 9ID2 	322 ½$	ﬁ,%D74=69ﬁ4
7 
¯[
( 9
 7/E9& 9&	 1>9qﬃ$ )x	/$ ,%1>1 ,%A4	" 1>9 4E9& 74L0
E4z
<;(9;23	>254 	328	_54
ﬁ H52,:"ﬀ¯*[°4B9~¯e69=257484=2!G9=234<2 9&4ﬀ:	<14 0
E4ua
,/ 4ﬃBa¯C51,%H:9	74kE94	7@432!3(9=23HD	34
LJ9=1 4=2ﬁ_z
m9{)|9{u| }~p=AWuusﬀŁﬀŁ A=AŁ9A==~ﬁ~pZŁŁ A==~9Ł

9h59
B2ﬁ 9Is7?1 9$7>4ﬂ_	32$2 4
32!ﬁ9=2ﬁ?432ﬁ?7:9=254K52 1	& 7Bp2p2E4
7	 $>24 59f74
E4 1ﬁK4f2	322 %?74 69ﬁ4KS4644 7¡ﬁ
a¯esJ9&_z Ó 9
E9=2
7g
>2:¢ %¢ﬁ
 7>4
_	32J2 4
32"!ﬁ(9;2ﬁb4ﬂ!4 £$
¤ %wD	?14;E94	a^G
2:9=2B7ﬁﬂa¯J¤ 9¥.1 9ﬃ:9&
!2ﬁ39&¦HDWqH>2
ﬁ§ﬁ	 .52$7254
$7
 s   Iﬃ
	? 
]C 
 
Significance signée
-50 -40 -30 -20 -10 0 10 20 30 40 50
-410
-310
-210
-110
Jets de b
Jets de c
Jets légers
;Z<?>A@

zc3²BFI[&G&P&FLG&FIHJEﬀ[ EﬀHJP&R§Ob8FI[-C V [KV=b¦OW[-F8`aEF aY OEﬀY V[-F8`aEﬀC V=MHJLP KV [&VUG-[KV_LOP-d[ e K	FI[_LﬀV [
P-HJL`V [6bKVﬀ_LOP-d	[Dgﬁ Y OP&P-C [¢\VUP&G-[ﬂ§VUG¢KV [2VUG-[¢bICU`VUP-[ﬃ¤G&P&F¦OE`abIV [bIVULﬀ[ﬂTKﬀOEﬀ[¢KV [ CU\CUEﬀVURTVUE#G-[
[-F8RWLbIC [ h
	_59_>1! @0
Æ
i
Ł
Æ
@7T9J	w+2e69ﬁ 7J4
32!ﬁ9=2ﬁ¿Ë
Æ
i
Ł
Æ
S464J7 ﬁﬂa¯ sJ9&_z
µK 7254"J78	_:9_S1@D qe4
¤$ﬁ 7
$2 4
 74 7	32+2ﬁ4Gﬁ1>14b	
4¤h514z

9b	_59_>1ﬀD	 +2=E9 %1¤ﬁ	=2 %¥ 7B4=2!ﬁ9=2
i
72 7ﬁﬂ¯
sJ9;4
B1)cS2%ﬁ69=1J²
"#$&%
+
,
0
i
 2('*)+
,
y
,
 @0
P

v.P
¶Sz §¸
Ó 9¢ﬁ	3254ﬂ
	32¥M1>97S4

_C	=2 7 1 9L	_:9_S1G:9bE9_ﬁe4
h52.-x	+$$20/ﬂ
D	 74 E9_ﬁ4 
	2:9;2% 7¡ﬁﬂa¯
¤ 9
z

4 E94 >4K44 7
a¯ 7ﬁ+1 94 9a£39=2
52g69=2574
32!ﬁ9=2ﬁ_¥ 1ﬁ 7>4
_	327?	_59_>17	8¤ %ﬁ»½1/
z<0254
¥<1>9
	_59_>1.:9
J¥ﬁ	 ﬃ_S2:9=2eM 69ﬁ4¥4B	_2=:9321&l
4<²
"65
,
#
287:96;<
=
5>
y
0ﬂ@?
BA
7
5
CD
¥:9JpE7|2 9
F G
>
<
"#$&%
+
,
0
i
G
 ¶SzIH7¸
µKe
	_:9_>1"G:9&
w:ﬁhﬁ 9=1$2¢q
x	3254
"J9a 4
ﬁ51$2 74wE94 7
¡qp4
32$7$4
32!ﬁ9=2ﬁ_¥54	@²
"J
5
,
#
2(7
J
9K;<
=
5ﬂ>
y
0 @?
LA
7
J

5
CMD
¥:9J7
J
2
F
yONQPSR
T
R
"U#$&%
+
,
0
i
G
 ¶SzWV ¸
µK	 ¡$!14=E94=>4K447b:9ﬂ¤514½69=257L$54B7TCw:	34K4^°72744
32"!ﬁ(9;2ﬁ4
D	34
s4¥_c4
 1>9L	_:9&_>1G:	34
¦
"
)
5
,
#
 % 4ﬂﬃ>1>4GD	wS72!#D14D
E4wa ¥d2
¤$D	3469=2`52N	
S2X-xﬁ
_¥
"
)
5
,
#Y
ÃNz

9 	ÖÃ^!3¯C 1GD	>2@7Z-x	32	=252 G
2%
7 1)ﬂ9=1	
¼
_z<µK	 $A1 9 7>4ﬂ_	32 7
"
)
5
,
#
4

4+ % ﬁ	32+4
 9;2%j:	 74
 
 S		
 		
ﬀﬁ

E41ﬁﬁ64.¶½J1)c¯ﬁﬁC	=2 7  %1¤ %4Z
E4r	322:9=2@74
Ç
y
¸ ¥ 1 9N=9;1ﬁ7¬Ã 7	32+2 9.G
	¯C¤ 9&¦p2% 1 B(9 7 c¤ %$+2 
 1ﬁ¥_c4
¿½ 7 18 9~¯ 7 J9=9&>4
>72%!ﬁ9&	32z/µK =9;1ﬁe:ﬁxq
 9
+4
 9&!:2 7 c	C¤$>4
ﬁ 1 B9ﬁ"F7 c¤ % 9
?1H 9~¯7¢J9&
;9>4
wS72"!ﬁ(9I	=2j:	=52C9=2:9=1¦£.4
C7	=252ﬁ_z

9	_:9&_>1!2ﬁ 9&s
"
;
5
,
#
2$4
ﬁﬂ;59=4uD	81 B>72%!ﬁ9&	32 74
E4=a z02j
p;9=2ﬀ¼b1S1=
	H52jK)31.¤$D	ﬂ 9=2
7:9=254$1@
	464
54 7ﬁ
!ﬁ9&	32 7 1)ﬂ9=1	
¼
wD	w4
sHpﬁ>4
$2D1@ 9~¯Q7
J9=9&>4.>72%!ﬁ9&	32z
^ NÌ¦ £	 ¨JV ¨ ¦ ¡Õ¡
`V¿¦© ¥ Q P «HP,Q­Ì¥%P¤£9­¦¡ V1£ Q P
«VÖ¥£9­ «HP¤£9­®¦¡

4D7	=252ﬁ4h>1>44`	32b
	3254
"4C9JpJ14964	3254ﬀﬂﬁﬃﬀﬂ
¹
ﬃﬂ !!
7 	E9$
78pﬁ	3254ﬂ
	32 78E" 2ﬀ#!$O4)z&%K4 7	3252ﬁ4G	=2%h,2
ﬁS4

ﬁ4ﬃ2


>1S1 lL/B/l 9	ﬂ'Cﬀl /B/LH)( +254*$#lL/B/B/,+$.-0/L/B/L/01Zﬁ	C
2<1)c254pﬃ_51B74 7	32524*2
43456587¥:4	"u VL/+ZH /B/G_
;<
z

9(9=1_69&	327
1 T9=1	":9$ﬃp %
D74wp2$264 ﬃ51c
J¥	32259=2GS2ﬁ:9=1 G
2%	74
E4	1ﬁ64;
<

4 7	3252ﬁ4$1S14@>1>44 	
4:	32572=+>2/
	32 4ﬂ>))))gp2$264J7 1	
?
=@*AB?
	4K44B90-x	+ 9&C@ED!F@GIHH9Jp!1 9¢ﬁK4	=2KJL430MFHONP3D7,	69Q@RDOS
FTCM430U VFWXH 2Y/& 4 z

94
1	32 7Aﬁ81	&7 9=257	9 	>254d52@	_
 1p
	  932¤ %
7B¤$51>4
	32E9;2ﬀﬁK4[Z!\^]t4)_`a` 9=464
	,+G52`69ﬁ_zb%K@1		322u522	 ﬃ_

¤$D	
 9;2% 7
64z
<

4up2p2%644sﬃ514k>1S44kﬁ4
22dcfe))))ﬃp2p2%64rﬃ51" 
J¥C2ﬁ4
9J=gihjlk
<Im
¥EnoOpﬃqnﬁsr>0oqtnB¤$ﬃuvq	fpj8ofpﬃqQﬁwq$oﬂ	ﬂps %x(e)
Y
Z!\
Y
4)y_Ha` e4)
Y
Z!\
Y
'.c)z_`a`d1 z{%Kqep2ppp:q,	ﬂpj	ﬁq8q
2q|o -x	+}o&
@RD!F@G~H2HoJ,uIo 8q	ﬂpG34 43OGF5t0ﬂ03FH2Łnd@RDFTCM43U VFWH_z

T9	r|n¢2q[u	8qndn	ﬂpﬃpﬁ2q*pHqﬃu"Hofquﬃps %$2pQno
p%8quﬃ9£q
¤ %q}o~q
ﬁ0ofu$2p=n2q 	ﬂp:o&~pq|u2q)o -x	ﬂp	ﬂpﬃppp%=nu BXrC:ﬁ
2p
ﬁz

o ofu_8o&	ﬂpn
u ofu	89$qu2qtn	fpﬃpﬁqH2q
tuIoe
$~ﬃo:nBﬃpu	fpw	ﬁnn ﬁﬁﬂ"!ﬁo4
	fpz;!pnoa	Qnqtofu	":9$2qn cvn2p"!ﬁoI	fpnD
8qa~u~q:o&_ﬃuqnofpﬃq*u2q*ofpoOus£sqq
uh!uﬃq`8o~n$2p`:	ﬂq8q
_ﬃu¥ﬁ
NoOu_:o&	ﬂpn	"qE-onofpﬃqnq9ﬁ	ﬂp!n	ﬂpﬃq.	 ^u B2p
qh_ﬃu{n2q	C~uvqn Yofpﬃofus£sqCpq	fp%ofq -x	4ﬁpp%q
:o_ﬃuqzfpE-o&J¥4qﬃuCuIo;
	ﬂpﬃq
	ﬂp
n2q:o2qnofpﬃq`!p $	~pﬃn $2q
u B~np%!ﬁ2o&	ﬂpn2qZ
8qroOu	
¤$
¤ %q*n	sp
q
b!ﬃpofuvq2q¥:vq+ %¢ﬁq
	ﬂptu2qu:o_ﬁ2q*nofpﬃq*n2q
8q %	q	ﬂpC~u~q
ﬁ2qpzu)cD	 %b	 
ﬁ
ToOu_:o&	ﬂp|o@w
ofu~q
ﬁqﬃuluu	
?
=@*ABAo&[nvq:	ﬂp_!uoJpw!pqﬂo&~qﬂ¤ %
q!Łq:oOp%GD	 -x	wpQnq`pp$2p8q§hﬃuc
z

n2q8o	8n>2puq8q
	ﬂpﬃqPn@RDOS
FTCM43U VFWH p%duq[n	ﬂpﬃp2qu2uvu2qu[q¤hﬃu2qpoODwﬃofq[uIoﬃpﬁ	ﬂp!q

	ﬂpnq=:o2qz

o ﬁﬂ!o&	ﬂpn|u)Yofu	
:9
Łp2qwqL_D2oﬁ	 !uﬃqnxn	fpﬃpﬁq@D	u2q $2q
q
ncXoqz4d	ﬃqu2qs	vu~qlnB~np!o&	ﬂp,n	¦2p q
 !pﬃofuvq2qp¥2pﬃo&
sﬁﬃuuIou	ﬂpﬃq

	ﬂpguIox2ofu_:oI	fpjp?2pn2qZ
:q`u B~np!o&	ﬂpn2q9h	ﬂpﬃqpz

2qn	fpﬃpﬁq
 .   =ﬁ    ﬀ y	  	
S	u ﬀ  	a 		
 	

	
vu~q
q 	a/2p!p2pn2qCu	:qinﬀﬂﬁﬃ "!#%$'&()* 2Y/
H 4)z

2q{u+ﬃ,8qnPn+fpﬃp-qCq/.¤0
u-qq1324ﬃ2p4, 521.~p
.5ﬃofupp6,+n-3,124.vp2n2q -o3,12wqA+72/21p3,(. - qoﬃr8o_.9,1-2q2q121-q
nofpﬃq&u92q&n+ﬂp!p-qz0+7ﬃqqu+ﬃ,8q:+ﬂp4,;-3,1-<521+2qwq1-q{o=!->+ﬃ2+}o=, @@?R@GIHHoJ7pQu92q3+7212/3,1.+ﬂp!q
nA52/+7B728o¡i07CD0G GIHDC lEF7 2Y/ /
4)¥f+Qu GXr35,(.9+ﬂpnqH-pﬃ-2ppp4,:qJIK+ﬂp4,1X6%o=28u+<LNMLO521+q8q/-2q
oﬃ@->+72+}o=,P@RD!F@G~H2HoJ7pŁu~ox7328q1.9+ﬂp JL430MFHONP3}n@RD!FTCM430U VFWXHz

q921.P,:3212qdnG.~n2p4,(.PQﬁo=,1.+ﬂp
n2qR+_/S,:q[q1+fp6,+fpﬃq1.vq/,oOp6,8qR5ﬂ+72A2q7328q/.+ﬂpﬃq[nd@@?R@GIHHT3,Qnd@RD!F@GIH2H_z
<

2qQu+ﬃ,8qndn+ﬂp!p-qU2/-2uvuq<V,(.~u9.~q/-2q'5"+72u~o 2W,(.PQﬁo=,1.+ﬂpxnG];X/ q/+ﬂp4, ;
<
?
=@*AB (>2pY.2/+ﬂp$z[Z .vu~u9.+ﬂpﬃqnG-pﬃ-2ppp4,:q1 z%\qn+fpﬃp-qq/+ﬂp4,q1.¤.~u~oﬃ.2/2q}+
32uvu2qdnyu+ﬃ, noOu._2:o=,1.+ﬂpKoJ7pﬃp)q/,:o=,(.vq/,1.¤ 6]5ﬃu!q%B728ofpﬃn_z%\}u9+ﬃ,^2q/,%,1.~u.vq1-
5"+72A2q/2132[u_,o=rxnT}oﬃ
Ooﬃ.~q/_.~n2p4,(.PQﬁo=,1.+ﬂp z
<a` b:c
(>2pY.21+fp$	z H9.~u~u9.+ﬂp!qnG-pﬃ-2ppp4,:q1 zﬃ%\qn+ﬂpﬃp-32qiq1+ﬂp4, 3+ﬂpﬃq/,1.9,1-qin d- 7-2pX
2p4,8qn-u2p
9-2q[q12n2q /S,:qzﬃ%\ u+ﬃ,\2qW,R-B0ofu92p4,'V,(.~u9.~q/- 5"+72D2q/2132u ,:oﬃr
n§}oﬃ
Ooﬃ.vq1_.vn2p4,1.9Qﬁ2o=,(.9+ﬂpz
<
?&J
c
(>2pY.2/+ﬂpGl$=.~u~u9.+ﬂp!qEnG-pﬃ-2ppp6,8q1 z0%\Cu9+ﬃ,O2qW,3+ﬂpﬃq/,1.9,1-nd- 7-p2p4,:q3+ﬂp4,( 
pﬃofp4,eﬃp 0+ﬂpf!**g*#ih|nZ!\ ] e _Ta`kj_zofq8q/+3.- +lﬃp /S,^nofpﬃqﬃp mﬂp n
28oJ£7+ﬂp  onopq[rztsUu5!uﬃqp¥ 9o 6u-pﬃ-2ppp4,)n+ﬃ.9,oJ7+ﬃ.2oﬃ +7.~p!qnsr /3,8qŁn
Z\K]wvxrŁ_ka`Tj_k3,Qn^5ﬃq13ﬃn+728oﬃ5.vn.9,1-ﬀy zy
Y|{
q}rz

o52/-2q1pnd!p 0+ﬂpnﬃofpﬃq<ﬃp
/S,'q/,q/+7
7p4,[nt+uIo%521-2q/2p3 nPq8oJ72u+72wnz!%\Pu9+ﬃ,2q/,n+ﬂpU2p2/.¤9.ﬂ2p§/S,
nwaU3,Qq132/,*oﬃr 2q/21q[ndXo3.9,(-,nG-3,1.¤ 63,:oﬃB7_z
<
+7ﬃqPu92qQu+ﬃ,8q*n d- 7-2p2p4,:qq/.¤0ﬃu9-2qR+ﬂp4,_-S,(-%521+sn.P,:qQoJ7u^B7-2p-32:o=,12dgih jlk
<Im
+
u GXr35,1.+ﬂpyn2q%-p7-p2p4,8qAL
M
LT52/+n.9,:qoJ7p8~0Y
>t

(5"+72,uIo ->+72+0!uIo=,1.+ﬂp,89-+4
21.s 6dn2q<-2u9-2p4,:q[nT}o=,(2/.¤13,gihjlk
<Im
(>5ﬂ+ﬃ2[u2q5!9ofq1q*n^28ofn.~o=,(.9+ﬂpﬃq'.vp.9,1.Iofu92q
3,RQpﬃofuq¥nG.~p4,(32:oS,(.9+ﬂpﬃqA0ﬃuP,(.95ﬃuq\3,Qn ->28oﬃB	2p4,o=,1.+ﬂp1*;
<
&pY.2/+ﬂp)cOe4p7p7p7pT- 7-2p2p4,:qDAﬃu9,1.c/3,¥fnoOpﬃq{nrB0o_¡2q&nG.¤5ﬃuvq1.9+ﬂp0,(28ofpﬃq4ﬃ2wq1
5ﬃoﬃ2/,1+ﬂp.¤ 6 ( e4p
Y
Z!\
Y
p _ka`Tj_e3,

p
Y
Z!\
Y
v.c7p _Ta`kj_1,(.vu.vq1-2q5ﬂ+72
n-3,(32+.~p32n2q -oS,(328qW+72/21p3,(. - q[oﬃﬀ,oﬃr|nT)oﬃfo=.~q1 .~np6,1.9Qﬁ2o=,(.9+ﬂpz
<
&pY.2/+ﬂpﬀv*p7p7p7pﬃp_-p7-p2p4,8q'| a
M
aRŁ3,icﬂ>ﬃp7p7p_-pﬃ-2ppp4,:q;L
M
L; a
M
a  ¥
+¡9o_ Y -pﬃ-2ppp4,A+ﬂp4,1.2p4,ﬃpaoaﬃ*n-321+7.vq8q:oOp*q1.au35,(+ﬂp.¤ 6z(

*u9+ﬃ,tL
M
L
q/9+	5"+ﬂq1tn
{
c7p7p7p%-p7-p2p4,8qR
)

;ﬂ
M
D
a
M
aU3,Q>fc7p7p7p^
M

C C
a
M
a¥ﬃoJﬃ_Un3^+7ﬀl1 z
<
&pY.2/+ﬂp]v*p7p7p7pﬃp\-pﬃ-2ppp6,8q:| a
M
a¥*4r=p7p7p'-pﬃ-2ppp4,:qOLSML&( n+ﬂp4,sﬂ#B/B/L/J
)

;
D
M
D
a
M
a
S, Vf-B/B/L/_
M

C C
a
M
a1H3,
{
p7p7p7p7p_- 7-p2p4,:q{n.c/S,:q a
M
aCnoOpﬃqnrB0oq&nd.s5ﬃu~q/.+ﬂp
,12:ofp!q47328q/A5oﬃ2W,(+ﬂp.¤ 6Ł(e7p
Y
Z!\
Yl
pŁ_ka`Tj_T3,

p
Y
Z!\
Y
v.cﬃp}_Ta`kj#.1 z
<
&pY.2/+ﬂpv*p7p7p7pﬃp0-p7-p2p4,8qT| 
M
 3,
{
pﬃp7p7p7p0- 7-2p2p4,:q*n.c/S,:qR
M
(e4p
Y
Z\
Y

p}_Ta`kj#T3,

p
Y
Z!\
Y
v.c7pŁ_Ta`kj_1 z
stofpﬃqu92q{u+ﬃ,8q'IK+fp6,1X%oﬃ28u9+¥u~oq8oaﬃ2n2q/S,:q\q/,n-3,(32+.~p-3 p@2192+9ﬃofp4,*n2q9oOn21+ﬂp!q
_ﬂ2oﬃr+7 9oﬃ24-q%Bﬃ-2p-321-2q,nofp!q%ﬃp mfp}n28oJ£7+ﬂp  npq}r|oﬃV,(+72dnŁu o4rVn/3,JzOQp
/3,|q/2:o,12:oﬃ.P,(- +	 /3,LaqG.~uW+ﬂp4,1.2p4,oﬃ +7.vpﬃq!p 9ﬃofn21+fp _ﬂ2oﬃ¥3+	Kﬃp /3,ﬀ
qG.~u+ﬂp4,(.92p4,doﬃ +7.vpﬃqU!p^9ofn2/+ﬂp 9oﬃ24-¢)oﬃ.vqtoﬃ
ﬃp^9oOn21+ﬂp?_"o=3,93+	%ﬃp¡/3,n
W61
xSﬂ ¡/¢£3¤¥ ¡x¦G¤§
¥S¤¢W¨[©3¥¥ªOW^«9¬G­(®D«¯=°±§²i¬´³*°STµ[¶/¶i·£±¸¥x¦[¹i©N¤ﬂº*1ﬂ¢W ¥¦d¤¥»/ ¥1"º4¼ ¦[ºxW¤¥¦d½=¢W©N¤¥¦[SR¾¨d
3U'S¦[O¥ªW¹3W ¡/
   
 S	>	
 	   ﬀﬁ
q:oJ7328qu9-Bﬂ321qCnofp!qJ,1+7ﬃqCu92q{oﬃ,1212qZofqpz

q/3,8qCu9-B7328qJ.~pup6,{n-oﬃ.9,u92q/3,:q{n 6o=2q
t¥
v
3,
	,oﬃ.~pﬃq/. 6,u2q/S,:q[nkBﬂu9+ﬂpﬃqpz
 ﬀﬁﬃﬂ  "! $#%ﬃ&'ﬂ()+*",-! .0/21
3
49{65¢{87 9;: u¦ﬀ AŁ  Łﬀ

qD/S,:qnoOpﬃq^s" q/+ﬂp4,k213+ﬂpﬃqW,(21.9,:q,+@5oﬃ2W,(.92PnuIo=q/ﬃu9.~pX->+ﬃ2+}o=,(.9+ﬂp 2ofu+72/.¤-3,121.¤ 6_z

ofu9B7+721.P,:9=<tX?> 215"+ﬂq/Tﬃp.¤ 6pp4,q12Cu2qJ,(28oqD9oﬃ2/B7-q[ofq8q/+3.-q+Aﬃp¢/S,JzA@ u-oﬃ,
n+ﬂpR.~p4,121+sn.2/ﬃp21.P,:321Qn Yﬃofu.P,(-q155ﬃu-pp4,oﬃ.921R5ﬂ+ﬃ2qofq8q/2132 6Qu2q /S,:qioﬃr 62uvq
u ofuB7+ﬃ21.9,89A2qW,oﬃ55ﬃu.s Y-5"+ﬂqwq82n2p4,nq%,(28oqz%dq/,u21.P,:321ŁnCBEDGFHFIDKJMLNOLBQPR z%\3,1,1
S
ﬁUTUT4ﬁWVEX!YX
S8Z
5ﬂ32+3,[n n-+ﬃ5ﬃu32uq$[ﬂ3,8q5ﬃ9£q/.¤ 6q*nq$[ﬂ3,8qQn d.vpo_.9,1-tnxn-S,(S,(32
n ,(28oqnofp!qu2qZq12/2qnG2o.P,(-tnPu ofuB7+ﬃ21.9,89z0&u~u9Pn+ﬃ.9,Coﬃ.~pﬃq/. ¥snofpﬃq\ﬃpr32/,:oﬃ.~p
q12/%2/-2n.921dnG-pﬃ2p4,(u~u92qtn.\[-321pqPnGo_.9,1-%p4,(21n+ﬂpﬃp-2qU21-32u~u92qR3,U-pﬃ-2ppp4,:q
q1.¤Aﬃu-qz

o
S
ﬁUTUT4ﬁWVEX!YX
S8Z
q/,{n-3Qp.<2p=oOq8q1+.~ofp4,Jﬃp9/S,Cn<,12:o32q{oﬃ9/S,2ofu+ﬃ21.¤-3,121.s Yz

q
/3,:q[nT,12:o32q[q1+ﬂp4,<21p+ﬂp!q/,(2/.9,8qQ+5o=2/,(.92nT,(28oq[q:o=,1.~qﬂ-o=.~q:oOp6,d;
<
Z!\] pq[rŁ_Ta`kj#¥
<
oﬃ+7.vpﬃqﬃp +75!q)nofp!qﬃp 3+79n n-S,(p3,(32)nﬃ2/,1Xr
i^]`_
(bao=21.~uvuS,:q0S,
n.~q4 62qdc&1 ¥
<
y X?>fe=y
Y
pqﬀeCg$h ¥ 212u~o=,(.¦7pp6,Qo= ﬃ2W,(XrK52/.¤}oﬃ.2/¥
<
y X?>Iikj4y
Y
pq
{
g$h ¥2/2u~o=,(.¦72p4,Qoﬃ 732/,1Xru52/.¤}oﬃ.2/z

qA,(28oqn,Z!\ ] vx_Ta`kj#)q1324ﬃ2p4,n85"+7.~p4,n=n-35oﬃ2W,+uIo+ﬂp!q/,(2/3,1.+ﬂp n2qW/S,:qn
,(2:o_2qpzb%C9o3ﬃpn§32qR,(28oq3+ﬂpﬃq/,1.9,1duZ/3,QnT,12:o32q<.~p.P,(.IoOu zs&pﬃq1.P,(T,(+ﬃ,(q*u92q,(28oq
7-2/.9Q oOp6,'l! m>Lnpo6$qMr
C
qLsqﬀLnto6uq	wv
Y
pq[rS,yxlyzm>Lnpo6$qMr
C
qLCsqﬀLnto6uq	wv*y
Y
pVq
{
gEh q/+ﬂp4,
ofq8q/+3.-qn)ofp.~2/ .P,(-28o=,(.¦7*oﬃ§/S,J¥p821pofusﬃu~ofp4,u~o¢ 6ofn2/.§.¤5ﬃu~q/.+ﬂpnT/3,[+ 9ﬃo 6
.9,(-32:o=,1.+ﬂpH{D*pA/3,oOu+72/.¤-3,(2/.¤ 6:q/,
S
ﬁUTUT4ﬁWV!#RqG.~u4q/,ofq8q/+3.-nofpﬃqﬃp¢mﬂpin;2:oJ£ﬃ+ﬂpE n pq[r
+Kﬃp/3,n,12:o3¡3+ﬂpﬃq/,1.9,1-)noﬃ +7.vpﬃqdnsr ,12:o32q${

ouQB721'|}{ HK.vu~u!q/,(2/uIoxn.~[ﬂ-2/2p3
ndXo3.9,(-}n
S
ﬁUTUT4ﬁWVEX!YX
S8Z
2p4,121=nqn+fpﬃp-q021-32uvu2q)(pV.921+ﬂp

pW1^S,q/.¤0!u-q=(>2pY.2/+ﬂp
7pW1u{

oK213+ﬂpﬃqW,(21
3,(.9+ﬂpn2q0,12:o32qnﬃofpﬃquqW/3,8q-3,:ofp4,q1pﬃq1.~aﬃupp6, 3.~u~u92/}nﬃofpﬃqu~o
q1.¤AﬃuIo=,1.+ﬂpN 6*nofpﬃqu92qin+ﬂpﬃp-2q2/-u~u32qp¥su92qo3.9,1-2qn
S
ﬁUTUT4ﬁWVEX!YX
S8Z
£Łq1+fp6,'5ﬃuﬃq-2u9p7-32q${
p4,121dn.~[ﬂ-2/2p4,:qu9+ﬃ,:qCndn+ﬂpﬃp-32qR21-32uvu2qp¥ﬃu G2o.P,(-n
S
ﬁUTUT4ﬁWVEX!YX
SZ
5",Ooﬃ2/.2\2p ->+ﬂpS,(.+fp
nuIo 5ﬂ-321.+snn52/.~q1nn+ﬂp!p-qu+ﬃl2p ->+ﬂpS,(.9+ﬂp na.Ioﬃ.vq.vp6,121+sn.P,:q5ﬃoﬃ2=uq4£sq/,8
nn-p2up9pp6,E{

dX¡2o.P,(- +a£72p!pn
S
ﬁUTUT4ﬁWVEX!YX
SZ
q/,T+52/.~q/A2p4,121ﬀ/}{Y/3, /}{dZ}{R%\
21.P,:321n
S
ﬁUTUT4ﬁWVEX!YX
S8Z
2q/,+¡0!p+',(+ﬃﬃqu92q	ofu9B7+721.P,:92q nG.~np6,1.9Qﬁ2o=,(.9+ﬂpdn2q/3,8qlnZ 6o=2q

nRst" }oﬃ.~qpG2q/,;5ﬃofqt+75,1.¤}ofu65ﬂ+72ﬁ<tX?> 2oﬃ2n28p.2pp-p2qwq1.P,( 6d!pq13ﬃu',12:o3
nq1.9Bﬂp.PQﬁofp
\5"+ﬂq/.9,(.¦7Cofq8q/+3.-Coﬃ/3,E{7stoOpﬃq u G.¤5ﬃu9-2p4,o=,1.+ﬂpn
<tX?> +Tst" ¥Oq13ﬃuq uq
,(2:o_2q{n{Z\^] v_ka`Tj_*q/+ﬂp4,',1.~u9.~q1-32q${

o
S
ﬁUTUT4ﬁWVEX!YX
S8Z
pG.¤5ﬃu.s 6ofp4,J5ofq 6*u/3,\5ﬂ+ﬂqwq8n
n2q_,12:o32qdnq1.9Bﬂp.PQﬁofp
05"+ﬂq1.P,(.¦7¥ﬂ.~u XrV.~qW,(n28oﬃ21q9ofqdn/S,:q
S
ﬁUTUT4ﬁWV!#ig<5ﬂ+72u2q4 62uvq
uIok521+Maﬃota.~u9.9,1->
)
5O #
p 5",ﬁ3,(2/2ofu¤3ﬃu-3t{@ p7328q1pp4,J¥ﬃpT/3,5ﬂ+ﬂqwq1-nofp4,'ﬃp ﬃp.s 6U,12:o3
nŁZ\ ] v_ka`Tj_u3,}nq/.Bﬂp.PQﬁoOpﬀ5"+ﬂq1.P,(.sﬃp dq/,85ﬃofq,:oﬃB7B0opaﬃu }oﬃ.~q]5",)oJ7+7.92ﬃp
521+Maﬃota.~u9.9,1-<tX?> n-SQp.9t{
 
   
 	
	

 







<ﬁﬀtXA> ﬂﬃ
Taggability in multi-jet Data and MC
Nb. jets
1 2 3 4 5
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95
1
QCD Data
EM1TRK Data
qcd MC
Et(jet) (GeV)
20 40 60 80 100 120
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95
1
(jet)|η|
0 0.5 1 1.5 2
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95
1
(jet)φ
0 1 2 3 4 5 6
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95
1
 "!#%$
|}{ Hﬃ;'&ﬁ(*),+-)/.102436587:9;,<,<;>=/?A@B?C9DE7/FHGJI-FK)/0L.MI-FN587POQ+SRUT8O10L.1V8O1.M)/.102W587YXL7/03E5K+ZFK3O[\2/]2/FK7/RY7/F^0,_
O[\2/FK7/`La.M7b0L`c+ZFK3L]7/`37_dOQ+eVK37/TK58I-`c+ZV8.M5f.102g7/0hO[i+ZF8aOM7P+Zj4.1RkT80c+ZO'5fTWXL7/0,_ﬁV	I-T8`Y58743Y58I-F8FK24743*RkT8O10L. XL7/0
lm%npoqo
+Z0c+f_r5f.M3s^TK743"`I-T8a743utv_r58743w58I-F8FK24743'RkT8O10L. XL7/0x+4]74)y+ZTgRYI-.1FK3'T8FzI-{fX|7/0w2/OM74)/0L`I-R*+ZaFK2/0L.Ms^TK7
l~}4
_8),+Z`L`243{8OM7/TK3utp7/0587432/]2/FK7/RY7/F^03RUT8O10L. X|7/0'3L.1RkT8OM243
l
s^)456
n
_fO1.1aFK7%FKI-.1`7tvŁ
4h65E :>AKZ%	"A~ﬁAy

q<-7-pZ2p4,:qU,(.vu.vq1-2q5"+72u~o ofu9. a28o=,(.9+ﬂp=n+ﬃ.A7p4,Po-ﬃ+7.2RﬃpS732/,( ru521.A)o=.21*nofpﬃq[u~o
21-Bﬃ.+ﬂp $[ﬂZ3,1.Aﬃ|n n-3,1ZS,(2e¡
]`_
(Ny >¢ze=y
Y
c7p:£ +f¤ >¢ze2qW,uIoK5"+ﬂq/.9,(.9+ﬂp n¥72W,( r
521.A)oﬃ.921Qq12u§¦YoFr nS¨o=.~qv3oﬃ13,R5"+ﬂq8q/-2n32QoﬃS+7.vpﬃq,121+7.vq\,(28o©qE{
Qp_,(28o©Tq/,*ofq8q/+r3.-3
+ﬃp ª/3,UoOu+72/.C-3,(2/.C«6tq/.O2u~u9 q1k,(2/+7	7,nofp!qUﬃp¬mﬂpn^2:o-­ﬃ+ﬂp® nwpVq}roﬃ,1+72Qndu¯¦o4rV
n*ª/3,E{±°Yﬃu u2qJ,(28o©qofq8q/+r3.-32q+A!p*ª/3,
S
ﬁUTUT4ﬁWV!#iniZ!\^]avxr_T£j^_S,n 5ﬃq13ﬃn+728oﬃ5.~n.9,(-
y zOy
Y {
q[rq1+ﬂp4,<521.vq1q<p:3+f5V,(t{s k5ﬃuﬃq£²uq',(2:o^2qQn+7.Q7p6,Qq8o=,(.vqu¨oﬃ.921tu92qx £q%2/.9,:321q
«Ye3r ,(.vu.vq1-2qdnoOpﬃqu~on-3Qp.P,(.9+ﬂpyn¦dﬃpSª/3,
S
ﬁUTUT4ﬁWV!#ig(7+ﬃ.26³ |}{ H {$F1²lo-ﬃZ8ﬃpg3+752/
q155!u-Z2p4,:oﬃ.2/t2p^.C5ﬃu~q/.+ﬂpU,(2:oOpﬃquﬃ28q/©² Z!\^]av_Ta`kj>t{°V.AOofp4,´3,/,(n-SQp.9,1.+ﬂpdu92q¸,(28o©q
213,12p6q%5"+72u§¦Yofu9B7+72/.9,:9	,pq1+ﬂp4,%5ofqkXr!o©S,(£p6, u92qY £qh«6g32uvu2qTV,(.~u9.~q/-2q 5ﬂ+72
n-3Qp.2[uIo
S
ﬁUTUT4ﬁWVEX!YX
SZ
{

o]21-q1+ﬂu9,(.9+ﬂpxq12Quk5oﬃ28o©Ł3,(2/ nﬁ¦G.C5o©3,[n¦dﬃp%,(28o©kq/,*q12p!q1. a!u,+
2W,oﬃ.vpﬃq5oﬃ28o©Ł3,(2/2qd;
<
u p+f a2/,n¦µ3+75ﬃqQnofpﬃq[u9*¡
];_
3,Qu9Y¶E·
_
²
<
uIo6«6ofu9.9,1-tndu¯¦oª/ﬃqW,(Z2p4,QnduIoA,12:o©3©²2oﬃ2:o©S,(-321.~q/-k5oﬃ2[q/+ﬂp¬¸¹-²
<
u¯¦G.C5ﬃuvq1.9+ﬂp,12:ofpﬃqc7328q1^²
ﬂ   
 ´



	

  Z

 

 P 


<
uIo05ﬃq/ﬃn+72:oﬃ5.~n.P,(-©²	«Y. 2q/,k¨>+72W,(Z2p4,x3+7212/-2u-3,+u§¦Yo^Z35,oOp±dn:¡
]`_
3,[n:¶*·
_
{

+72;52/2pﬃn21 pg3+f5,(xq\u[S,:qJ3,{oﬃ.~p!q1. o©-2u9.+72/2 u92q;5ﬂ32u¨>+72u)oOp±qin*u§¦Yofu9B7+72/.9,:9	iuq
,(2:o^2q[q/+ﬂp4,UuIofqwq1-32q<2p	f-6o=,1-B7+72/.qn-3Qp.2qQnofp!qQu9_,ota!uo="|}{v$t{
3+75ﬃqU¡
]`_
3+75ﬃqU¶*·
_
y zy ¸¹ Z\( _ka`Tj^.1
$*3+75ﬃq[noOpﬃq[uIo 
 c L$M{#	²?{¸+7K]
{
qdp ]lp ]wv
521£.v21h3+7±9
$0gS)* #S&S!Pﬁ4#S& 
Y
v7q
{
	² +7 ]
{
]wv
 
]av7q
{
]lp ]wv
r² |+7ﬁH@gS)* #S&N!Pﬁ6#S&(g 
Y
v7q
{
	² L$f²¯²r² H +ﬃy]e
  
r²IH +7 ] e ]wv
 
$M{r²$M{# 	² +7 ]
{
]wv
 
]av7qc ]lp ]wv
ﬀ{mﬂﬁp$
|}{$ﬂ;
o
2ﬃKF8.10L.MI-FW58743! #"E),+Z02/aI-`L.M743x587k0L`c+-)4743w.1F^07/`L]7/F +ZF>0k5K+ZFK3'OQ+E),+ZO1.1{8`c+Z0L.MI-F Ł%$+EV8`7/Rh.'&/`7
O1.1aFK7k)4I-`L`743LV	I-FK5g+ZT)(0L`c+-)4743+*KI-`3587%O[i+-)4)47/V80c+ZFK)47k5fT-,/.10
l32 452)687:9;
t
4h65Eb4 <b>=fpﬁCy %p@?BA

qwª/S,:qT.vq8q1!q,n6«Yﬃoﬃ2qdu-3B72wqT5ﬂ3	7p6,%-Bﬂofu£p6,y+ﬂp4,(p.2n2qk5oﬃ2W,(.C3ﬃuqtp3,(2/2q+
B72:ofp!n ,1Z5ﬃqdnPﬃ+ﬂup+fP-32qnP}ofp.~321B7-p-2/.C«6e¢DC {	%\qA5oﬃ2W,(.Aﬃu92qT52/+n.~q:oOp6, nq
72W,( rn-35ﬃuIo^-2qq1+ﬂp4, n\,(2/+7.~qO,L­Y5ﬂq;On2qK4oﬃ+ﬂp!qp3,(2/2qFEGC
H
JIKLINM²4n2q aoﬃ2u­ﬃ+ﬂpﬃq:-S,(28ofpB7q
(52/.~p±3.5ofu9Z2p4,Qn2qPO|ZQI	1<S,tnqh+ﬂp87328q/.+ﬂpﬃqPn05ﬃ9+=,(+ﬂp	Re q#K qM {

¦G+Ma ª/£3,(.Q¨;-3,:ofp4,
nﬁ¦d.vn2p4,1.9Q 32)uqYª/S,:q=nq:o-732|u+ﬃ28n^².vuUq/,@V,(.~u9xn21Lª/3,12=nu¯¦ofuB7+ﬃ21.9,89±=uq,(28o©q
521+7pofp4,ng¢SCU{

+72YuIo	²,1+7,12qduqk,12:o©32qk21£+ﬂp!q/,(2/.9,12qdq1+fp6,^,1.~u9.~q1-32q${

+72*9ﬃo©«6
5oﬃ.2/}n,(28o©qn}q1.Bfp+755ﬂ+ﬂq/-ﬃpH72W,( r 2qW, 2ofuC3ﬃu-3,uIo¬«6oOn21.L .C5ﬃuvq1.9+ﬂp^n2qnr
,(2:o^2qkq/,^521+ﬃ5oﬃB7-3}o= ﬃ2W,(Xr 5"+72_,121+7.vq98­V5"+ﬃ,89ﬃ2q/2qnP}ofqwq1|;n3r 5.+fpﬃqZ²¸!p 52/+ﬃ,(+fp
( ofqwq1+ .-=+uIoK,12:o©3=n@5ﬃu9ﬃq0B728ofpﬃnZ!\E1%S,]ﬃp 5.+fp 3,]ﬃp85oﬃ.9218uZS,(2/+ﬂp 5"+ﬂq/.9,(2/+ﬂpG{

+72
9o©«698­Y5"+ﬃ,:9ﬃq1^²CuIo }ofq8q/K.vp8fo=21.IoOp6,1xn2q}nr ,12:o©32q2q/,)n-3,12u.vp-p{

q5o=.21q}n
,(2:o^2q[q8o=,(.vqu¨oﬃ.vq:ofp4,u§¦dﬃpnqk321.P,:2/2q[q1.AOofp4,:qd;
pqﬀeTf>
Y@UWVXVZY
pq[rVv _T£j^
¹
;±¨>2p S,(21dnY}ofq8q/dn	E
C
H
(
UZY
R
[
napqe7

_ka`Tj^
¹
1 r
v7qPv*p7
Y@U]\^VZY
v7qPv
{7{
_T£j^
¹
;±¨>2p S,(21dnY}ofq8q/dn_O (
UW`
n v7qPv7v.c_Ta`kj^
¹
1ur
p
Y@U
ﬃ
Y
pqdp
{
r_T£j^
¹
;+ﬂp87328q/.+ﬂpnk5ﬃ9+ﬃ,1+ﬂpG{\r
q1+ﬂp4,J21Lª/3,(-32qinQu¯¦ofuB7+ﬃ21.9,89±{nﬁ¦G-3,1.C«6S,oﬃB7p{

okQ Bﬃ21d|}{ V_521-q12p4,1Puq;5.Cqink}ofqwq1[naE
C
H
3,QnbO +Ma!q12c7-qtnofpﬃq<ﬃp^5"3,(.P,(h¨>2:o^3,(.9+ﬂpn2qQn+ﬂpﬃp-2q${R%\S,1,1A52/+r3-2n2/%.vn2p4,1.9Q kﬃp¢DC
nofpﬃq_p8V.921+ﬂp /c nq"ª/3,8q
S
ﬁUTUT4ﬁWV!#ig<S,St|>c nq"ª/3,8q_.~np4,(.9Q-2qo-7£ <dﬀtX?>C{R%\2qy¨>28o©3,1.+ﬂpﬃq
q1+ﬂp4,Qn-3,:oﬃ.~uvu-qq12[u~oAQ B72/|A{Y#}{°Vﬃu&$:}+d>c ndu¯¦G2pﬃq/Z a!u nqy¢eCUq/,Poﬃ.~pﬃq/.¸21Lª/3,1-t{
 
   




	

 







<ﬁﬀtXA> ﬂ
-) (GeV)pi+piM(
0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6
En
tr
ie
s/
2 
M
eV
0
100
200
300
400
500
600
700
800
K0s
) (GeV)piM(p
1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18
En
tr
ie
s/
M
eV
0
50
100
150
200
250
Lambda
 "!#%$
|}{ V;^e+-33c743.1F^]-+Z`L.Q+ZF^0743d`74)4I-FK3L0L`LT8.10743´+,]74)p587/T)( 0L`c+-)4743d)3* +Z`La24743dV±I-T8`OM743L*^V±I-0 *T&43743
C
H	


K


M
l
a>+ZTK) *K7t7/0



l
5f`I-.107tvŁ $743+£X¯TK307/RY7/F>03')4I-`L`743LV	I-FK587/F^0

T8FK7ka>+ZTK33L.M7/F8FK7%V±I-T8`
OM7wV8.M)k587wR*+-337%7/0T8F6V±I-O^F-RY7xV	I-T8`OM7'GI-FK5Ł
4h65E 5 zw>ZpﬁCy % J">ZQ:x¬H:% Cﬀ £ﬁ¯ﬂﬃﬁ

on.~qW,(2/. a,1.+ﬂp@pq/.Bﬂp.9Q2ofp±dnq<,12:o©32q<5ﬂ3, 3,(2/k5oﬃ2:o^-S,(21-3k5oﬃ2Rﬃp*+f5"+ﬂq:ofp4,1
B0oﬃﬃqwq1.pﬃp8S,0ﬃpW«Y=p+ﬂp Bﬂoﬃﬃq8q/.pﬃpK(7+7.92%Q B721|}{ |01 {~°V.{u¯¦G2/212q12u5oﬃ2:o^}S,(21
nﬁ¦d.A5ﬃo©3,A2q/,P3+7212/Z3,1Z2p4,Łn-3,12u.vp-^² uIou~oﬃ21B732n|u~o5oﬃ2W,(.B0oﬃﬃqwq1.pﬃpxnV28oﬃ.9,S,(2/
-B0ofu9Q+u¯¦Gﬃp.P,(-p{!%\*pﬁ¦G2q/,Cukofq{p.bnofpﬃq{u2qin+ﬂp!p-qZ²!p. noOpﬃqCu~o,q/.C0ﬃu~o=,(.9+ﬂpG{4Qp 3+7212/ZS,(.+fp
q12du¯¦G2/2132k2q/,n+ﬂp	.vp6,121+sn.P,(5"+72k521pﬃn2/p +©5,1b3,%$[ﬂ3,E{

oﬀ21-q1+ﬂu9,(.9+ﬂpKq12,u
5oﬃ2:o^}S,(21nﬁ¦G.C5o©S,dn-5"2p!n +u~oS¨>+7.vqdn}u~o 2/-2q/+ﬂu,1.+ﬂpKq/2u~oﬀ,12:o©3S,q/2u9672W,( r521.
)oﬃ.921p{E%C9ﬃo©ﬃpKn2qTu[S,:qTq/,T52/.~q_p +f5,1q1-35oﬃ21-£p4, {

o5o=2/,(.9AB0o=ﬃq8q/.2p!pnu~o
n.~qW,(21.~a,1.+ﬂp521+Y.p4,R5ﬃuﬃq5oﬃ2W,(.C3ﬃu.v2/Z2p4,Cn2qn.\[ﬃq/.+ﬂp!q'0ﬃuP,(.95ﬃuq{noOpﬃqu*n-3,1ZS,(2Qn
,(2:o^2q${sPofpﬃqtu9A5ﬃu~ofpK,12:ofpﬃqc7328q1+Łu¯¦o4rVn¬¨oﬃ.~quo=ﬁ² u~o}n.vq15"2wq1.+fpnoﬃrn.~[ﬂﬃq/.+ﬂpﬃq<2qW,
.~p87328q1£p4,521+ﬃ5ﬂ+72W,(.9+ﬂpﬃpu~uŁ+u¯¦G.C5ﬃu~q/.+ﬂpe,12:ofpﬃqc7328q1Z\ 3,0521+75"+72/,1.+ﬂp!p2uvuŁ+uIou2:o©3.~p
oﬃ2/21-{nu~o*n.vq/,oOp±'5ﬃoﬃ2v3+721'5oﬃ2uIoU5ﬃoﬃ2/,1.C!ut{f%\+fPiu{n-3,1ZS,(2:5ﬂ+fq8q8nﬃp\B7-+f-X
,(21.9%£­su.vpﬃn2/.C«6©²0q/2u9+ﬂp}u§¦YoFr[nP¨oﬃ.~qu2oﬃﬁ²8S,1,1*n.vq/,:ofp±<2qW,\.vp872wq1£p6,\521+ﬃ5ﬂ+72W,(.9+ﬂpﬃpu~uC+
! #"ﬀ$
{b%\3,/,(Y+72/21£3,(.9+ﬂpﬀ2qW,Pn+fp±k5oﬃ2:o^-S,(21-3T2pS¨>+ﬂp±S,(.+fp|nduIo Ooﬃ21.~otaﬃu{Z%'&)(+*n-3Qp.9k5oﬃ2d;
Z%,&,(+*¸n Z!\
! -"/.'0
¹
$
nZ
1 #"32+0
¹
$
² +f¤Zq/,Qu¯¦G.C5ﬃuvq1.+fp)nduIoA,12:o©3t{ (ﬃ|A{Y#01

q f- o,(-Bﬃ+721.92qn_,12:o©32qq1+fp6,<2/B72/+75"-2qp54q/5"2v2o=,(-3B7+72/.2qpW¨>+ﬂp±3,1.+ﬂp|np+f a2/
nY+75!qQnﬃofpﬃq[u*¡
]`_
S,QuY¶*·
_
;
<
*pU2o=,(-3B7+721.95ﬂ+ﬃ2u2q:,12:o©32q7328qiu¯¦oOofp4,n}n-3,1ZS,(2Co-7£U+7.vpﬃq&n*/Y3+75ﬃqinofp!q
uY¶*·
_
²ﬃp¬3+75ﬃqQnofp!qQu~o +7	9%.vp4,(2wpdn:¡
];_
² S,y zOy]wv7qc	²
<76
o=,121 2o=,(-3B7+72/.2q;5"+72iuqJ,12:o©32qo-ﬃZoﬃg+ﬃ.~pﬃq{/*3+75ﬃq{nofpﬃq{uk¶*·
_
S,P$f²r²?|^+7
8
+75!qQnﬃofpﬃq[u*¡
]`_
{

dn-£+75oﬃB7k2pq15"2uo=,1-B7+ﬃ21.qR3,<2p $94.~p4,(32uOofu~u92qn[Z:%'&)(*(nDŁ+C|;4_k=<Tj^.1\5"2uS,
nT521pﬃn2/T2pS+f5,1 uIon-35ﬂpﬃnofp	dn uIo 3+7212/ZS,(.+fp@2pW¨>+ﬂp±S,(.+fp|n uIoA2/-2q/+ﬂu,1.+ﬂp)q12u~o
,(2:o^t{
ﬃ   
 ´



	

  Z

 

 P 


jet pT (GeV)
20 40 60 80 100 120 140 160 180
fra
ct
io
n 
w
ith
 a
t l
ea
st
 1
 re
m
ov
ed
 tr
ac
k
0
0.02
0.04
0.06
0.08
0.1
0.12
taggable jets
jet pT (GeV)
20 40 60 80 100 120 140 160 180
fra
ct
io
n 
w
ith
 a
t l
ea
st
 1
 re
m
ov
ed
 tr
ac
k
0
0.1
0.2
0.3
0.4
0.5 JLIP-tagged jets
jet eta
0 0.5 1 1.5 2 2.5
fra
ct
io
n 
w
ith
 a
t l
ea
st
 1
 re
m
ov
ed
 tr
ac
k
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
taggable jets
jet eta
0 0.5 1 1.5 2 2.5
fra
ct
io
n 
w
ith
 a
t l
ea
st
 1
 re
m
ov
ed
 tr
ac
k
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35 JLIP-tagged jets
 "!#%$
|}{#!;8`c+-)/0L.MI-FK3587	
C
5K+ZFK3*58743Y58I-F8FK24743*RUT8O10L. X|7/0*V	I-T8`*58743%X|7/03b9;<,<;>=v@

l
a>+ZTK) *K7th7/0
.M587/F^0L.ﬃ 243+4]74) 3c+ZFK3~`2¯XL74)/0L.MI-Fb58743
C
l
5f`I-.107tp7/FGJI-FK)/0L.MI-Fb587wO[ .1RhV8T8OM3.MI-F60L`c+ZFK3L]7/`37
l
7/F
* +ZT80ut7/0w587kOQ+*VK37/TK58I-`c+ZV8.M5f.102
l
7/Fe{ +-3ut58743XL7/03,Ł $743 
C
H
3I-F>0'`7/V8`2437/F>0243xV +Z`'58743w),+Z`L`243'{8OM7/TK3,_
OM743k)4I-F>]7/`3L.MI-FK3U587hV>*KI-0I-FSV +Z`k58743x)47/`)/OM743k]7/`L03,_OM743ﬀ V +Z`k58743x5f.M3cs>TK743%`I3c743x7/0%O[\7/FK37/Rk{8OM7E58743

C
V +Z`"587430L`L.Q+ZF8aOM743`I-T8a743Ł $ 7kFKI-Rk{8`7 587x)4I-F>]7/`3L.MI-FK3w587%V>*KI-0I-Fz)/`IM0'+,]74)xOQ+yVK3c7/TK58I-`c+ZV8.M5f.102
l
X|TK3s^T [
 2 4%2ﬁﬀ
t~),+Z` OQ+hs^T +ZF>0L.102x587xR*+Z0L.'&/`7%0L`c+4]7/`3247 +ZT8aRY7/F>07Ł

+72W9o^«Y q/5"2v2o=,(-3B7+72/.S,S9o©«6.~p4,(32uOofuvun=Z%'&)(+*L²Cu~o 5oﬃ2W,(.¬p6,12:ofu9^nu~o
n.~qW,(21.~a,1.+ﬂp_pq/.Bﬂp.9Q2ofp±Q(ﬃﬂ%v*r  ¡ ikj! vxrf12q/,oª/!q/,(-3ioﬃZiuIoq/+fg nﬁ¦GﬃpJB0oﬃ!q8q1.92pﬃp
3,nﬁ¦d!p r5"+ﬂpp4,(.u~u95"+72*+n-u.vq12u~o «63=nŁn.vq/,(2/. aV,(.+fpG{

oﬀQ Bﬃ21'|}{/@52/-2q1p4,(
u2qA21-2q/ﬃu9,:o=,:qn8,(2uvqoª/ﬃqW,(£p6,8qE{

¦G-Zo=2/,,L­Y5ﬂxn|u~oB0oﬃ!q8q1.92pﬃpn+ﬂpﬃp|u~o¬Oofu32n|u~o
+72/21ZS,(.9+ﬂp}nt+,uIok21-2q/+ﬂuV,(.+fp}q/2{u~ok,12:o©3©²#" *%$=(1&

mLZ%,&,(+*8riuo7L
Zﬃ&#'
n( qv {

ok5oﬃ28o©-S,(2/.~q:o,(.+fpp
¨>+ﬂp±3,1.+ﬂpnQZ%'&)(+* nE3,/,(E+72/21ZS,(.9+ﬂpnoOpﬃq 9o^«Y o=,1-B7+ﬃ21.^2qW,tn+fpﬃp-q12*uIoQ B72/ |}{dZ}{
pVQp]ﬃp[n-5"2p!nofp±3<p6¨>+ﬂp±3,1.+ﬂpnŁp+f a2/n',(28o©q&nPﬃ2W,(Xr521.A)oﬃ.921J2qW,.vp4,(21+sn.P,(
5ﬂ+72^5212p!n212pH+f5,(u~oﬀ2/-2q/+ﬂu,1.+ﬂpKq/2u9672W,( r521.C}oﬃ.921t{

+72E32uIor²ub £0,L­Y5"
nﬁ¦Yoª/ﬃq/,1Z2p4,:q«6U521-Z3-2n£g2p4,2qW,\2/-ofu9.~q1-q/2uqin.~q/,121.~a,(.9+ﬂpﬃqtp}q/.Bﬂp.PQoOp±x+ﬃ2121.9B7-
n:¨o©S,(2!" *%$=(1&

{

oe3+7212/Z3,1.+ﬂpnﬁ¦d3212/2_2/-2q/.~nu~u9)"*

$=*

i?m,+.-/fv[u.9-oﬃ:732/,1Xre521.C}oﬃ.921
oﬃ.~pﬃq/.6+Ma,(p6'2qW,:-3B0ofu£p4,:.~uvuﬃqW,(2/-;5oﬃ2	uIoRQ B72/+|}{dZ}{pcH.~poOuZ2p4,Z².uIo[q1.Bfp.9Q2ofp±3'+ﬃ2121.9B7-
qZ¦G-Z2/.9,d;
¡
&10,$2$
ikj
n
X?>Iikj
"*%$ (&

mLZ:%'&)(* ri$o7L
Zﬃ&#'
n3( qv"*

$=*

im,+4-/Ivﬃ5768-
(ﬃ|A{/ﬂ1

o^21-q1+ﬂu9,(.9+ﬂpe3+7212/.B7-3*q/2u<5oﬃ28o©Ł3,(2/*n¦d.A5o^3,2q/,Cn+ﬂpﬃp-_5o=2CuIokQ B72/=|}{-}{

¦du[S,q12
uIo2/-2q1+fu,1.+ﬂp9576ﬃ-n2qdn.\[!q1.+fpﬃqy0ﬃuP,(.95ﬃuq 5", S,(216+sn-2u9.~q1-302p ¨>+ﬂp	3,(.9+ﬂp^ntZ%,&)(*iq1+ﬃﬃq
   
 




	

 







<ﬁﬀtXA> ﬃ
-15 -10 -5 0 5 10 15
1
10
10
2
10
3
6CFT≤SMT inner 
-15 -10 -5 0 5 10 15
1
10
10
2
10
3
7CFT≥1 SMT 
-15 -10 -5 0 5 10 15
10
10
2
10
3
7CFT≥2 SMT 
-15 -10 -5 0 5 10 15
10
10
2
10
3
10
4
7CFT≥3 SMT ≥
 "!#%$
|}{Y/;
o
.M3L0L`L.1{8T80L.MI-FK3ﬁ587´3L.1aF8.ﬃ ),+ZFK)47V	I-T8`
ﬀ9!

%'&)(*
	
7
Z)p5K+ZFK3OM743)/.1FKs%3LT8V±7/`),+Z02/aI-`L.M743
l
OM743587/T)(U587/`LF8.'&/`743d3I-F^0`7/a`I-T8V±24743ﬁ5K+ZFK3OM7587/`LF8.M7/`ﬁa`c+ZV>*K7t5K+ZFK3OM74358I-F8FK24743
}4
+4]74)pOM7/T8`3
+£X|TK3L07/RY7/F^03,Ł
uIo¨>+72u;
5
& 0 $ $
6ﬃ-
n 
Z%'&)(+*
r (ﬃ|A{[Z01
+f¤

2oﬃ2:o©S,(-321.~q/u§¦Yo^5ﬃu9.9,1ﬃntnqPn.\[!q1.+fpﬃqx0ﬃu9,1.5ﬃu92qS,

u~o2/-2q/+ﬂu,1.+ﬂpofqc­ 5,1+ﬃ,(.A«6%p
u¯¦otaﬃq1p±dndn.\[!q1.+fpﬁ²	«6.dOoﬃ21.9tnD+
8
ﬁ q/2u+fpu92qxo,(-Bﬃ+721.92qnT,(28o©qE{
4h65E yﬁC  % £pr  : Ay

oŁn2wp.~321^-3,o=5ﬂ,nu~o6ofu9. a28o=,(.9+ﬂpW+ﬂp!q1.~qW,(+}n-S,(2u.vp2[u92qQn2pﬃq/.9,1-2qPnA52/+Maota.vu.P,(-
,:u9.~q1-32q nﬃofpﬃq&u"ofuAﬃunuIoU521+Maﬃota.~u9.9,1-{n',1Z5ﬃq nwﬃ+ﬂul(¨>+ﬂp±3,1.+ﬂp ®m 	vnu§¦d-£«Yﬃo=,(.9+ﬂp|}{ |01u{
%\+fgR.~pﬃn.C«6-*oﬃ¬³ﬁ|}{A{ ² 32q'¨>+fp±3,1.+ﬂpﬃqq/+ﬂp4,'+Ma,12p6q+%5o=2/,(.92nPu~o^5o=2/,(.9*p-B0o=,1.Aﬃ*nq
n.~qW,(21.~a,1.+ﬂpﬃqCndq1.Bfp.9Q2ofp±3 q1.Bfp-q<5"+72[nqR-£7-pZ2p4,8qy+ﬂp4,12pofp4,<52/.~p±3.5ofu9Z2p4,nq
ª/3,:qu-Bﬃ28q${

+ﬃ2&uq n+ﬂpﬃp-2q;2/-2uvuqZ²©33,/,(+75"-28o=,(.9+ﬂpqZ¦G$[ﬂZS,(RpV,(.~u9.~q8ofp4,u92qt-£ﬃ-2p£p4,:q
0ﬃu9,1.iª/S,tn u+ﬃ,
?
@*AB ,:ofpﬃn.vqh«Y}u92qk-£ﬃ-2p£p6,8qIK+fp6,1X%oﬃ28u9+ Aﬃu9,1.iª/3,tq1+ﬂp4,%,(.vu.~q/-2q
5ﬂ+72Cuq\-7-2pZ2p4,:q[q1.A0ﬃu9-2qE{Vstofp!qu2q-£ﬃ-2p£p6,8q[q1.CAﬃu-qZ²sq1!uRuqª/3,8qny«6o=2qu-3B72wq
3,[nkBﬂu9+ﬂpﬃqq/+ﬂp4,UV,(.~u9.~q/-2qE{
ﬃ   
 ´



	

  Z

 

 P 


 (GeV/c)3/2)θp (sin
1 10
pu
ll 
 
0.4
0.6
0.8
1
1.2
1.4
1.6
6CFT≤SMT inner 
 (GeV/c)3/2)θp (sin
1 10
pu
ll 
 
0.4
0.6
0.8
1
1.2
1.4
1.6 7CFT≥1SMT 
 (GeV/c)3/2)θp (sin1 10
pu
ll 
 
0.4
0.6
0.8
1
1.2
1.4
1.6 7CFT≥2SMT 
 (GeV/c)3/2)θp (sin1 10
pu
ll 
 
0.4
0.6
0.8
1
1.2
1.4
1.6
p14.03
DATA
MC
7CFT≥3SMT ≥
PVN
1 10
pu
ll 
 
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
p14.03
DATA
MC
PVIP pull vs N
 "!#%$
|A{[Z!;+Z`c+ZRY2/0L`L.M3c+Z0L.MI-FK3~58743)4I-`L`74)/0L.MI-FK3p5[\7/`L`7/T8`,Ł©&dFe* +ZT80,_)4I-`L`74)/0L.MI-FO1.M247

OQ+'`243I-O1T80L.MI-F58743
0L`c+-)4743V±I-T8`OM743)/.1FKsh3T8V	7/`),+Z02/aI-`L.M743
l
OM743587/T)(*587/`LF8.'&/`743p3I-F^0´`7/a`I-T8V±24743p5K+ZFK3OM7587/`LF8.M7/`pa`c+ZV>*K7t
7/F:GI-FK)/0L.MI-F 587

%'&)(+*
Łﬁ&dF { +-3,_ﬁ)4I-`L`74)/0L.MI-F `243L.M5fTK7/O1OM7 O1.M247

OQ+g`243I-O1T80L.MI-F 3T8` OM7]7/`L07(V8`L.1R*+Z.1`7
7/FeGI-FK)/0L.MI-FS5fTWFKI-Rk{8`7Y587 0L`c+-)4743x5fTz]7/`L07(Ł%$ 743x58I-F8FK24743%`247/O1OM743%3cI-F>0x7/FW0L`c+Z.10x)4I-F>0L.1F^TS{8OM7/T _±OQ+
3.1RkT8OQ+Z0L.MI-Fg7/F6V±I-.1F>0L.1O1OM243]7/`L03,Ł
   
 




	

 







<ﬁﬀtXA> ﬃ
 
 (GeV/c)3/2)θp (sin
1 10
m
)  
µ
 
(
{IP
}
σ
0
20
40
60
80
100
120
140
6CFT≤SMT inner 
 (GeV/c)3/2)θp (sin
1 10
m
)  
µ
 
(
{IP
}
σ
0
20
40
60
80
100
120
140
160
180
7CFT≥1SMT 
 (GeV/c)3/2)θp (sin1 10
m
)  
µ
 
(
{IP
}
σ
0
20
40
60
80
100
120
140
160
7CFT≥2SMT 
 (GeV/c)3/2)θp (sin1 10
m
)  
µ
 
(
{IP
}
σ
0
20
40
60
80
100
120
p14.03
DATA
MC
7CFT≥3SMT ≥
 "!#%$
|}{-!; "243I-O1T80L.MI-F )4I-`L`L.1a247~3LT8`OM7V +Z`c+ZRe&/0L`7p5[ .1RhV +-)/0d587430L`c+-)4743V	I-T8`OM743)/.1FKsx3LT8V±7/`),+Z02/aI-`L.M743
l
OM743%587/T)(W587/`LF8.'&/`743k3cI-F>0%`7/a`I-T8V±24743x5K+ZFK3%OM7h587/`LF8.M7/`xa`c+ZV>*K7tvŁ5$743x58I-F8FK24743%`247/O1OM743x3I-F^0x7/FW0L`c+Z.10
)4I-F^0L.1F>Tg{8OM7/T _8OQ+y3L.1RkT8OQ+Z0L.MI-Fe7/FbV±I-.1F>0L.1O1OM243]7/`L03Ł
JLIP resolution functions in p14 EM1TRK pass2 data
- negative significance
0 5 10 15 20 25 30 35 40 45 50
1
10
210
310
1 SMT superlayer
<22χ|<1.2, η7 CFT, |≥
>1 GeV/cTp
- negative significance
0 5 10 15 20 25 30 35 40 45 50
1
10
210
310
2 SMT superlayers
<22χ|<1.2, η7 CFT, |≥
>4 GeV/cTp
- negative significance
0 5 10 15 20 25 30 35 40 45 50
1
10
210
310
410
3 SMT superlayers
<22χ|<1.2, η7 CFT, |≥
>4 GeV/cTp
- negative significance
0 5 10 15 20 25 30 35 40 45 50
1
10
210
310
410
4 SMT superlayers
<22χ|<1.2, η7 CFT, |≥
>4 GeV/cTp
 "!#%$
|}{v$:!;KI-FK)/0L.MI-FK3587w`243cI-O1T80L.MI-FP5K+ZFK3Y58743+ #" ),+Z02/aI-`L.M743V±I-T8` OM743 58I-F8FK24743
}4
7/0 OM7/T8`
V +Z`c+ZRY2/0L`L.M3u+Z0L.MI-F

O[i+Z.M587x587ha>+ZTK3c3L.M7/F8FK743,Ł
ﬃ 
 
 ´



	

  Z

 

 P 



o_5o=2/,(.9p-3B0o=,(.Q7nqn.~qW,(21.~a,1.+ﬂpﬃq 2pq1.9Bﬂp.PQofp	q1.9Bﬂp-3n2q:,12:o©32qq1-uZS,(.9+ﬂpﬃp-32q;2qW,
oª/ﬃq/,1-nofpﬃqU9o©!pnq f-bo=,1-B7+ﬃ21.qU5ﬃoﬃ2U!pq/+fgdn«6o,(21%B0oﬃﬃqwq1.92pﬃpqZ²p6,121-32q
2p A{Q%\Z.^5"2v3,uﬃp nqv2/.5,1.+ﬂp q:o,(.~qc¨oﬃ.~q8ofp4,(Knq¬«632qnyn.vq/,121. a,(.9+ﬂpﬃqZ²'+fP
.~u~u9ﬃq/,121-q12uIoQ Bﬃ21 |}{$#}{

o q/,:o=,(.vq/,(.A«6^n.~q/5ﬂ+fp. aﬃu9p 5ﬂ32v3,ﬀ5oOqn +sn-2u9.~q132zq
¨>+ﬂp±3,1.+ﬂp!q	n\21-q1+ﬂu9,(.9+ﬂpoﬃ nuI+[n%¡ ikjRn rﬃp}{s 5ﬃu!qZ²Fuq,12:o©32qn,(2w2qB72:oOpﬃnCq/.Bﬂp.9Q2ofp±
5ﬂ3	7p6, -Bﬂofu£p6,lq/+7}[ﬂ21.92n{n-£¨oﬃ,8qln;21Z3+ﬂpﬃqW,(21	3,(.9+ﬂpG{

2qO,(28o©q	o­ﬂofp4,H!p{q/.Bﬂp.9Q2ofp±
q15"-2/.21+ 4Łq/+ﬂp4, -3B0ofu£p4,U2/ª/S,(-q*nu§¦Yofu9B7+72/.9,:9	p{!%\S,1,1+ﬃ52/pﬁ¦op[ﬂZS,(^5ofq[uq
5ﬂ32u¨>+72u)ofp	2qn,u§¦YoOuB7+72/.9,89±p{YstofpﬃqkY+fp6,1XrY,(,uIo0521+Maopa.~u9.9,(-U5oﬃ2,(28o© q/%2/--£21.P,d;
 
*%$=(1&

m¯¡
& 0 $2$
ikj
vtn

C

H

®m 	vOsA	

C
C
®m 	vOsA	
(ﬃ|A{Y-01

2qA521+Maopa.~u9.9,(-qT5ﬂ+fq1.9,1.Aﬃ2q^3,p-B0o=,1.Aﬃ2qA5ﬃoﬃ2^,12:o©3S,A5o=2xª/3,%+Ma,12p6q05ﬂ+ﬃ2n2qxª/S,:qq1.
0ﬃu-qn q:o-ﬃ2U+ﬂpﬃp6kS,U5"+72u92qª/S,:q[nu+ﬃ,n,n+ﬂpﬃp-32q
?
@*AByq1+ﬂp4,<521-q1p6,1-qPq12
uIoQ B7210|}{v$f$M{

o 521+Maopa.~u9.9,(-}p-Bﬂo=,(.Q7ﬀ5oﬃ2,(28o©
 
M
*%$=(1&

q132/,)+ 3+ﬂp4,(2/mﬂu32Łu~o «Yﬃofu.P,(-=nq
oª/ﬃq/,1Z2p4,:q}; u~u9Łn+7.9,ﬀ3,121ﬃp.Q¨>+72vZ2p4, n.~qW,(2/. a-35"+72,uqn+ﬂpﬃp-32q
?
@PABl3,uq
ª/3,:qu-Bﬃ28qq1.A0ﬃu-qZ²>«6.+ﬂp4,&q/2cV.ﬃ+Pn-3,12u.vp2u2q¨>+ﬂp±3,1.+ﬂp!qn'2/-2q/+ﬂu,1.+ﬂpH{

q:521+taota.vu.9,1-2q
5ﬂ+ﬂq/.9,1.A7q5oﬃ2ª/S,
 
K


*
52/-2q/2p4,(p6,PuT5.Ad+-o=,/,(pﬃnu5ﬂ+72u2q[q8oﬃ2wq*u9+72wn2q(

3,U21 {
 ;! tﬁ	
 ﬀﬁﬃﬂ  "! $#%ﬃ& ﬂ" )+*", ! . /21=3
<Qp nWfoOu.~n2u§¦YoOuB7+72/.9,89±5"+72ﬃp ﬃq:o=B7|nofpﬃqu§¦dpﬃq1£ aﬃu|nu~o+ﬂuvuIota"+728o=,(.9+ﬂpﬁ²O.~u
2q/,p-Z32q8q8oﬃ.2/ nﬁ¦G2q/,1.C2{q1+ﬂp@g2o©.P,(-o-ﬃZk521-£.vq1.+fpG{

o}oﬃ	Ooﬃ.vq1*n2qu21.95,(.9+ﬂp=nq',(28o©q
n*ª/3,8qnofp!qu8IK+ﬂp4,( oﬃ2wu+

+ﬂpﬃn.9,nﬁ¦d.A5"+72W,ofp4,(qn.~[ﬂ-21p±qnﬁ¦GPo©3.9,1-82p4,(2/
n+ﬂpﬃp-32qT2/-2uvuq_3,q/.C0!uIo=,1.+ﬂpG{

+72y33,/,(2:o=.~q1+fpﬁ² u92q_Po©3.9,(-qq1+ﬂp4,dn-S,(32v.~p-32q_52/.~p±3.
5ofu£p4,&nofpﬃq&u92q&n+fpﬃp-q;3,uqt-£ﬃ-2p£p6,8q{q/.C0!u-2qpq132u7p4,'«6ﬁ¦uIotn-S,(2u.vpo=,1.+ﬂpn
¨o©3,12wqk3+7212/ZS,(.A¨ qx«6.lq1+fp6,QnqU28oﬃ55"+72/,8q[nﬁ¦dPo©3.9,(-qE{\3,/,(*+ﬂp4,12:oﬃ.vp6,1Y+f5ﬃu.A«6h+ﬂp!q1.
n-28otaﬃu£p4,Pu9^521+ 2qwq1ﬃqPnE32W,(.9Q±o=,1.+ﬂpu3, 2q/,Uﬃpq1+72vnﬁ¦G212/2wqtqu­sqW,(-Z}o=,1.C«62q${ U
p.Aﬃoﬃn2qoOpofuA­sq/2qZ²bn3r¬+7.rq/A52/-2q1p4,(2p4,ﬀŁu¯¦G,(.vu.~q8o=,(32ﬂﬁbq1+7.P,*oﬃ55ﬃu9.C«62 <dﬀtX?> oﬃr
ª/3,:q{q1.A0ﬃu-q\S,'.~p4,121+sn.2/U!pz¨o©3,12"+72/21ZS,(.Q¨O2p4,(2/tn+ﬂpﬃp-2q\3,<IK+fp6,1Xoﬃ28u9+ﬃq/+7.9,{p_5oOq
oﬃ55ﬃu9.C«62iu¯¦ofu9B7+721.P, ±%}oﬃ.~q;5"+ﬂpﬃn-3212'o©«6T-£ﬃ-2p£p4,R5oﬃ2Cu~o%52/+Maota.~u.P,(-x«6ﬁ¦G.~u"5ﬂ+ﬂqwq1-n
ﬃp +7 5ﬃu9ﬃq1.92wqkª/3,8q0-3,1.C«6S,(-2qA5ﬂ+720213521+sn.921)nz)oOp.~321)qW,o=,1.~qW,(.C«6}u¯¦G$[ﬂ3,n=u¯¦ofu9B7+O
21.9,!±t{

yofuAﬃubny32q'5"+ﬂpﬃn-2:o,(.+fpﬃq\q/,u[£3,(-"A5oﬃ2W,(.2inq'Po^.9,1-2qnﬁ¦G.~n2p4,(.PQo=,1.+ﬂp
nﬁ¦d!pzª/S,nq8oﬃ2dn+fpﬃp-$#

²A+7^u9-B732%*noOpﬃquqtn+ﬂpﬃp-2q${

+72dofq8q/2132^!p63.~uvu21
n2qu21.95,(.9+ﬂpﬁ²2q]g2o©.P,(-qq1+ﬂp4,5oﬃ28o©-S,(2/-2qpN¨>+ﬂp±3,1.+ﬂp nWfo=21.Iopaﬃuq+ﬃ2121£3,1Z2p4,21X
521+sn.P,(2qPnofpﬃqu~o)q1.A0ﬃuIo,(.+fp&ﬁRu§¦d.A5ﬃu~q/.+ﬂp@,(28ofpﬃqc72wq1dZ!\ 3,dnu~o5ﬃq/ﬃn+ﬃ2:oﬃ5.vn.9,1-ngª/S,
z {

¦d.A5!u~q1.9+ﬂpe,(28ofpﬃquﬃ2wq1ﬀ2qW,q1pﬃq1.~aﬃu'uIo 0ﬃu9,1.5ﬃu9.C3.9,(-S,(u§¦d.A5ﬃu~q/.+ﬂpe,(28ofpﬃqc72wq1|nq
,(2:o^2qdnoOpﬃqduUª/3,)ﬃ

o@5ﬃq/ﬃn+72:oﬃ5.9,(.vn-5"2v3,dn¦d.vp6,121+sn.9210ﬃpŁn-5"2pﬃnoOp±2p ¨>+ﬂp±S,(.+fp
n|u¯¦o©Z35,:ofp±3|n ¡
]`_
S,n ¶E·
_
{

2q]5o=2:o©-3,121.~q8o=,(.9+ﬂpﬃq,n2qPo©3.9,(-qq1+ﬂp4,Łoﬃ55"X
u-q+*-,/. #	*KﬁUT-,ﬁ
S
#ﬀ.K)Y10
S
X¡g!% {

¦Gﬃpnq_,2©qdnuIog2W,(.PQo=,1.+ﬂp:+ﬂpﬃq/.~qW,(n+ﬂp	3
¨>+728p.2nqU5ﬃoﬃ2:o©-3,121.vq:o=,1.+ﬂpﬃqCn2q<Po^.9,1-2qQnﬁ¦G.~np6,1.9Q2o=,(.9+ﬂp@3,Qnqk¨o^3,(328qk+ﬃ2121£3,1.A¨ qQo©X
+f5oﬃBﬂp-2q[n,u28qR2/2128qQqu­sq/,1Z}o=,(.A«Y2qE{1\+fPT5"+72[u~ob2ofu.~a2:o,(.+fpﬁ²q/ﬃuvq*u92qpª/3,8q*n
 
	¥ 
K


 
r

 ´c





´

<dﬀtX?> ﬃ	
track significance probability
trkP
0 0.2 0.4 0.6 0.8 1
0
5000
10000
15000
20000
25000
30000
35000
40000
45000multi-jet DATA
trkP
0 0.2 0.4 0.6 0.8 1
0
10000
20000
30000
40000
50000
60000
70000light-jet MC
trkP
0 0.2 0.4 0.6 0.8 1
0
2000
4000
6000
8000
10000
12000
14000
16000
18000c-jet  MC
trkP
0 0.2 0.4 0.6 0.8 1
0
5000
10000
15000
20000
25000
30000
35000
40000b-jet  MC
significance
positive
negative
Jet LIfetime Probability
jetP
0 0.005 0.01 0.015 0.02
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000multi-jet DATA
jetP
0 0.005 0.01 0.015 0.02
0
2000
4000
6000
8000
10000
12000light-jet MC
jetP
0 0.005 0.01 0.015 0.02
0
500
1000
1500
2000
2500
3000
3500
4000c-jet  MC
jetP
0 0.005 0.01 0.015 0.02
0
2000
4000
6000
8000
10000
12000
14000
16000b-jet  MC
significance
positive
negative
 "!#%$
|A{   ﬁ
o
.M3L0L`L.1{8T80L.MI-FK3p587 V8`I-{ +Z{8.1O1.102V +Z`´0L`c+-)47
l
7/FS* +ZT80utd7/0V +Z`XL7/0
l
7/FY{ +-3vtvŁ$ 743´V8`I-{ +Z{8.1O1.10243
V +Z`´X|7/0'3I-F>0w)4I-T8V±24743

Ł

 r7/O1OM7U3I-F>0'T8F8. GJI-`LRY743w7/F^0L`7

Ł

 E7/0Ł$+YV8`I-{ +Z{8.1O1.102 V±I3L.10L.1]7k7430"7/F
X+ZT8FK7_^OQ+kV8`I-{ +Z{8.1O1.102wFK2/a>+Z0L.1]7w7/F ]7/`L0,Ł I-T8` ) * +-s>TK7%32/`L.M7'5[ *8.M3L0I-a`c+ZRhRY743,_fOM743XL7/03pT80L.1O1.M3243~3I-F>0
	
OM743dX|7/035fT6OMI-0
}±4" l
7/F * +ZT80

a>+ZTK)3*K7tv_	58743ﬁXL7/03 OM2/a7/`33.1RkT8OM243
l
7/F * +ZT80

5f`I-.107tv_K58743dXL7/03

3L.1RUT8OM243
l
7/Fb{ +-3

a>+ZTK)3*K7t 7/0"58743ﬁX|7/03"3.1RkT8OM243
l
7/F6{ +-3

5f`I-.107tvŁ
ﬃﬂ  
 ´



	

  Z

 

 P 


nﬁ¦d.A5ﬃu~q/.+ﬂp8,12:ofpﬃqc7328q1  vxrk=<Tj^^3,	%5
1+72=5..P,(-@y zOy#
{
q}r
1+6,U,1..
1-
<5"+2
y32/,1.9Q=,(.9+G{ S,1,R2
/,121.A3,(.9+ﬀ
W,ﬁﬂﬃﬁ¦ﬂU5ﬂﬃ2/,   
W,!=,1.
/,1.C«"ﬂ#9.C.9,(-ﬁ¦G-£ﬃ-ﬂ£$4,

AB72%ﬂﬂT5ﬂ
ﬂ+ﬃ2ﬃ5..9,1-©²&ﬁ¦,(2T5'ﬃ2W,#)(*.A.P,
+ﬂU%..9,(-ﬂ,+ﬃ212-£3,1.+.@-ﬂ321B7.
ﬂ
´ªS,
${

¦/%B7+72/.9,!±$ <ﬁﬀ;X?> ¨>+2 .9,ﬁﬂﬂ %ﬃ2/.tak+4,(."ﬂ3#
 
K


*
%² y«".ﬂ5032v3,#%521.9+721.
ﬁ¦d+ﬃ5,(.A.
-215ﬂ+ﬃ.4,2ﬂg¨>+±3,1.+ﬂZ4,5"+2E'©«"ﬂ3'Q­&
-t{

4 -Z

1.9,1-.ﬂ@2-£+21.2
*ﬂ
k5'ﬃ2-©-3,(2/.
-=,(.9+ﬂ
5¦g©.P,(-+Ma.B.
1-ZS,(.9+ﬂﬂ32 ﬂ6 +f a22.A.P,(-1ﬂ 5"+7.4,
 
¨>+±3,1.+ﬂZ4,;5"+2+
v«"ﬂ

J5'ﬃ2-©-3,(2/.
-=,(.9+ﬂ
7
/+4,ﬁ-3,32v. -
${


5"+7.6,-
8ﬂx¨>+±:9
,(.+ﬂﬂZ4,R23,"ﬂ
Z² 
-
/-
R5'ﬃ2R+722-h321+7.
-
-4,	1
/-£ﬃ-21.P,(-1ﬁ¦G-3,(.A«"ﬂ3,ﬃB©²'
/+4,ﬀﬁ
9ﬁ;=< LntoKﬀ
''
	Uq ﬁ
 
K


*
lpq[p%>
9'¡7?@  q n^ﬀ
'3'
	Uq ﬁ
 
K


*
lpq[p
{
9"ﬀ
''
	Uq ﬁ
 
K


*
lpq[pVv
9
]
qUs (A?
U
ﬁ
 
K


*
lpq[pﬃp4r
9
_
(
&ﬂB
L ﬁ
 
K


*
lpq[pﬃpC
9#D5E Lnpo
_
(
&ﬂB
L ﬁ
 
K


*
lpq[pﬃpv
F
+ﬂ
1+
yG=.4,'4, -£21.92-ﬀ
 .~[ﬂ-24,
E-3,!+&ﬂ
 ,1.9.
1-
 '%ﬂ
Y3,/,]52/+r3-ﬂ2
ﬂY2W,(.PQH=,1.+H{
4h *87 I  KJy%ML	N~ K PO
°K­)
RQ£GST
QUﬂ VQ!ﬂW)	ﬂ $
-ﬂX5ﬁ¦YPH^ZQ-V «"ﬂZ0[V:QV,ﬂVW\ﬂ\]V	\0WﬂXXV\]WﬂﬂX
"a0
-WZ31
£¦/w[^X-±ﬂZX \ﬂ
#\0W

-Z~aﬂ ﬂ4_`W@Q-:9U%X-W}{
acbedcbgf]bhf i,jlk0m'no]mqp.rsutv'p.rsHwyxcnﬂm"z
Wﬂ
-ZﬂVXWﬂ
ﬂH%
2{VVX%UWf¤lﬂW
ﬂZ
\0W
Wﬂ
2.|}WQ-
2ﬂ.ﬂWﬂﬂV
ZﬂV\]ﬂ'%"Q-

W@Q'@Q
GﬂZ~[0VX@Q
g¨hX^QZWﬂ
ﬂ4
Z{ﬂﬃQ$ﬁ¦}W}\ﬂﬂ
-ZﬂX
 aX-ﬂZ~Q
ﬂ¬¨hWﬁ²U
-
. 

C
 
 Z

	ﬂWf aﬂX5ﬂ
aﬂX-ﬂZ~Q
U ¨hWﬂ # (Ł\]WﬂXU5
-Z{' %u{

WﬂXw'©«"ﬂ WQﬁﬂ,ﬂWﬂV
+ ²
ﬂWﬂ
ﬃ\]W	Wﬂ
ﬃVZXZX-ﬁ





C



r #ﬃ|}{  # %

-WZ~Qﬂ=QWQﬂ



VZ«"'%Q-ZW
\0WXc| m



vZ	Wﬂ"ﬂ
E{ªWQW
dGZ@Qﬂ@QcpXZQX-
c

-VZ:QZWﬁ²ZﬂﬂV\0ﬂ'@Q-

ﬂ
ﬂ
8Q-X-
£²-­@Q~'©ﬂﬂ
7PH^ZQ-V
ﬂ
V£Q-ZW1%

.
&
e
C
 
ﬂ
-Z{'^:Qﬃﬂ
%¨hWﬂ
#ﬂZ~[0VX@Q
E{°)ﬂ ﬂy¨hX©:QZW1

¦VVZ@Q
\'

-=hX-ZQ-X=
'ﬂ
ﬃW%Q#ﬂ=ﬂWﬂV
ﬁz{
F
W
\]W	Wﬂ
ﬃﬂW	1Z@QX-W&ﬂﬂZX-,ﬂ[W	 
-VXZ ﬁ¦YVZ«"'QZWﬂ
"ﬁ







C






#ﬃ|}{    %

)'ﬁ²'\]WﬂXUﬂ
xX-Z~QX-
ﬃﬂ 
VZQ-ZWZﬂﬂV\]'@Q
£²'¯¦YPH©ZQ-V,ﬂ=Wf\0W
ZQ-ZW* \ﬂ)9

-ZﬂX-
kXZQ-X-
ﬃ
Q5 \ﬂXW)ﬂZQﬂ
	g©Z~QV
5ﬂ*'©«"ﬂEX-Z~QVX-t{

WﬂXk'©«"ﬂEWf aZ'Z
-W
   
 
K



r

c





´

<dﬀ?> ﬃ ﬃ
ﬂ n XZQX-
1
VZQ-ZW&#)n 
  %,²'ﬂWﬂ
-Wﬂ
5%Zﬂ
Zﬂﬂ=VZ«"'QZW ﬁ

	



 




e
C

$

*

.






#ﬃ|}{   %

¦YVZ«"'QZW |}{ #4{VﬂVXZ
*
VZ«"'%Q-ZWﬂ
 |}{ : #bn Ł %:QC|}{    #bn

%u{ ﬂ©«"ﬂWQ
ﬂWﬂﬂV
1Z@QXW)ﬂZQ



Z	Wﬂ"ﬂ
 #¨hX©:QZWﬂ
 ﬂ
-Z{'7:QP¨hWﬂ
% { S5gCZ©²dﬂ©«"ﬂ
X-Z~QX-5 
-VZ:QZW.ªWQ-



Z	Wﬂ"ﬂ
#
-ﬂ\\ﬂV£$"QZX
U\]WﬂX
PH©ZQ-V
E{5*QW%Q!
W5ﬂW± m |

$vEm



v Z±Wﬂ"ﬂ
E{

UﬂW© aﬂX-ﬁﬁ¦YVZ«"'%Q-ZWﬂ
ﬂZ
\0WZ aﬂ
V\]ﬂﬂWf aﬂX
ﬂgWf aﬂZ'Z
-Wﬂ
=\]W
-
Z aﬂ
=ﬂ
26XZQX-
Z² 
-WZ~QqQW%Q!8ﬂ$|
&
$

C
$
&
P|
&
V£«&ﬂ%QZWﬂ
E{

WﬂX5-WZX5ﬂ 
c­&
Q£$6«"ﬂZ±QQ[ﬂ ﬂWfﬁﬀX-[ﬂﬂZ2
-WQZWﬂ
£²]Zd¨ Q,VZV
-
-ZXZ@Q
«&1|²

Q	5
-%QZ
u¨ 

-"Q	¯¦YZVZ«"'%Q-ZW ﬁ
m |

Ev  m



v!
 |ﬂ
&
#ﬃ|}{  U| %


ﬃ\ﬂX-£$ZX-
#
-WQZWﬂ
#ﬂWQ-X-ZQ)Z
Z²)
Z¦YWﬃﬀQZﬂ@Q5\]WﬂX ﬁ

|`

²'ﬃ C	²



ﬁ! ﬀVZ«"'QZWﬂ
#Q" Z±Wﬂ"ﬂ
E{

|`#r²'ﬃ$r²



ﬁ! ﬀVZ«"'QZWﬂ
#Q" Z±Wﬂ"ﬂ
E{

|`

²'ﬃ >±²

$ ﬁ  &%ﬀV£«"'%QZWﬂ
ﬃQ  942Z±W&
E{

|`#r²'ﬃ C	²

$ ﬁ  &%ﬀV£«"'%QZWﬂ
ﬃQ  942Z±W&
E{
S,ﬂ
QWﬂ
$
eH%
Z² 3
u­&
Q-Z ﬁ¦YVZ«"'%Q-ZWﬂ
$WﬃﬀQ-" ﬁ¦Y
QG\'
$ZVHZX-QG\0Q*\]W
-
VﬂX
\ﬂﬂ
ZﬂX-
#
WQ-ZW
E{
F
Wﬂ
ﬃﬂW
ZCZQ-X-Wﬂ
'%ﬂ
ﬃﬂWQX=VQﬂ1¬
ﬃﬁ¦Yﬂ`
c­&
Q£$1ﬂ""ﬂZQ
VZ«"'%Q-ZWﬂ
£²'ﬀ'\Q-Z
V)(5+*-,/.-021M{´°&Z8ﬀ
u­&
Q-ZG\]W
-
ﬂ$ﬂ
1
-WQ-ZWﬂ
£²Z7¦ ­6 ¬«"ﬂﬂ)( {


5
-W"Q1%WX
5
u­ VQ-X-ZC«"ﬂ
 \'X,X-\ﬂ\]WXQ *G\]Xu2Q!QZW4ﬂ6
-Z{'Q  ¨hWﬂ ﬂ2\'%X
[
RQX±Q-ﬂX-hCZ	.
u­&
Q-Zt{!3ﬂyWﬂ'Z
-
%±=\X-ZWX-ZKﬁ¦W$WZﬂ
 ﬂﬂ ﬂ
UZ	Wﬂ"ﬂ

\0XvQ3ﬂX-V
WﬂﬂX §¦/©ﬀﬂZ{54 QVp{


3
-ﬂ
`\'X-©$:QX
ﬂ
c­&
Q£$q
-W@Q`
 ¨hX-©Q-ZWﬂ

ﬁ¦VVﬂZ@Q
2
67



 8

«"ﬂZ 
-W"Q[ﬂV:QXu$ZﬂV
[
ﬂX1ﬂ
[ﬂWﬂﬂV
${

X-V
W)QZWqﬂq
u­&
Q-Z
\0XvQﬀﬁ¦Y:(&QX-ZX
 ¨hX-©Q-ZW
ﬂ
-Z{'U:Q$ ¨hW %Zﬂ
Z%«&Q-WQ-
ﬀ
PH©ZQV
$

-VZ:QZWG{
S,ﬂ
ﬂ W)ﬂ+\ﬂﬂ
XVHZ
RQ©²u
X-Z~QX-
ﬂ 
-VZ:QZW\]	@Q^Q-X-\ﬂXQ-Z£$"QWX-XVV
Z²
±«"ﬂH
5Zd¨ Q5XªW)QX	ﬂ
y¨ ^QﬂX-
 WXX-Z:QZQ¨h
5'
,
5VZ«"'QZWﬂ
 Wﬂ\ﬂ@Q,\ﬂﬂ
-ZﬂX

X-Z~QVX-
${

WX	ﬂS¨hWﬂ (+ﬂWﬂV©²Ky¨ ©:QﬂXUWX-XZ:QZA¨:9
	;
 7<

\0WﬂX#ﬂ&( X-Z~QX-
5
.
:Q5>=
RQ
ﬂV'Z\'X ﬁ

?
 8<

@9
	A
 8<


?


8<

#ﬃ|}{  
8
%
B
'\0Q QX	VQXvZﬂV =\'XRQZX8ﬁ¦VVﬂZ@Q

-ZCﬂV
8PWf\Q!%"Q WfﬁﬀﬂXUQWQ'ﬁ¦YV£V 9
ﬂZ@Q
 +

Q
#ﬂWfﬁﬀﬂX
ﬃﬁ¦YV£Vﬂ£$"Q-
5\'%
-
%"QhX-Z~QX-1
.
#1+
?

%²hXZQ-X-1ﬃ= #,+
7<

%
Qﬃ
ﬃﬂ)(WX-Z~QX-
 #1+
?A
 7<

%-C

h¨ ©Q-ﬂX%WX-XZQ-ZA¨
Z¦YVZX-ZQ	WX-
 ﬁ
9
?
 8<



	
 8<


	


8<


+

+
?A
 8<

+
?

+
7<

#ﬃ|DC  94 %

k¨ ©Q-ﬂX'WXX-Z:QZQ¨\]WﬂX QXWZ
"X-Z~QX-
#
.
²'ﬃ=#QﬃEU\])QQX \ﬂ\X-WH()ZCV,-£ 
¨ ©Q-ﬂX

WXX-Z:QZQ¨h
 ﬀ)( X-ZQ-X
ﬃ
-Zd
x¨ ©Q-ﬂX
kWX-XZ:QZA¨h
#
W@QxWZ
-Z
1§¦ﬂZQ-V,\'X"ﬁ
9



 
<

 8F

$9



 
<

G9

<

 F

G9
F8
 


#HDC  +% %
ﬃ%    


 

	
 
 Z





 P 




.
-WQZWﬂ
$ﬂ 
u­&
Q-Z 
-W@Q3WX-
*\ﬂ
*
c­ $V:QX-ZA«"ﬂ
 C
B
 ¨ Q*Q-W>ªWX-
.X-£WX-ZX 
ﬂﬂhWﬂ'Z
-
%±=2\ﬂXZWXZ^ﬁ¦Yﬂﬂ 
W)QZW*\0WﬂX#X-V
-WﬂX- ¯¦©ﬁﬀZ{D4AQV C)S5ﬂ
ﬃ\X%Q-ZC«"ﬂ,
$V:Q ﬂW&ﬂﬁ¦
Q2\ﬂ\ﬂZCH ﬀﬂ6«"ﬂ*\]WﬂX1ﬂ
E%ﬂX-
1ﬂ 9
  
  <

\ﬂXWrGﬂ$¯¦YﬂﬂZQ-V©²d^¦
Q9 9ZX-
\0WX#ﬂh¨ Z ﬀﬂ
wWX-XV%QZWﬂ
 C
acbedcbgf]b 	[k^k
~wrsHwj
yv@sHwyxcnﬂm@s rKm`o0m"z!m@s zﬀo0m4xcnﬂrﬁﬀﬃﬂ
S5ﬂ
3\X%Q-ZC«"ﬂZ8
RQ2ﬂZ PZﬂGX-
-
ZﬁﬀX=QWQ

EWﬂﬂZ~QZWﬂ
=ﬂVZV

ZX-
3
X-V
W)QZWGﬂ*
c­&
Q£$ C
B
]
QUﬂVH	$WZﬂ
 \0W

-Zﬀﬂ^²)
Wﬂ
wXQZ
 8­&\]WQ ﬂ
-
Z²'ﬁ¦YQZZ
-X+
$V:Q ﬂW&ﬂ (5+*-,/.-021\0WX8:(&QX-ZX§¦PH©ZQV#¦ﬂG{WX-Z~Q ±ﬁ¦YZ@QZ~H%Q-ZW
ﬁªQ

ﬂ
C


WQ#1WﬂﬂV
QZZ
V,
RQ¯¦Yﬂ
Zﬁﬀﬂ ﬂ
~ªQ-
ﬃﬂ`WQ
 "!$#«"ﬂZﬁVX-Zﬂ@Q ﬁ

 4
%
==<'&^©²
)( *+(
 )
%
²

ª:Q
Q,-,/./.0,0132 .²

 ªQ*W@QZ@Qﬂ 2ﬂWC´°&ﬂ
[
*2ﬂWﬂ

U54/6
( ?
U
² ﬂ=   `==<'&^©² %
-
-W ZV
 
ﬂﬂQX^$ Z*¥¸
=


ŁŁ
-W@Q\ﬂX-Z
[¥Wf\Q- C 3	¥ﬂW 
Q2
-
WrZV$Sª:Q2
-Z
7
®98;:=<
43>@?
MŁ)
%
Cd°)Z7\ﬂﬂ
-ZﬂX
h2ﬂWﬂ
 
W@Q[
-
WrZV
=%zª:Q-²
ﬂ ﬂZ8-£$2\ﬂ

\0:QZ~Q¸
=

RQ6Wﬂ
-ZﬂVXV C=AZ'Z@Q1hªQ2
Q
VZQ-ZWﬂVG
Zg2ﬂW 
-
WrZV*`ﬂ
   >6 =<B&^ C :Q-Q-*ﬂXﬂZX-gWﬂ\ﬂX-$
QªWQ-VG\]WﬂX[X-:QZXX1ﬂ ﬀﬂZZ
1'


-\]Z:QX-=  ﬂ
x2Wﬂ
Z²'ZV ﬀV'ﬂZ~QZW.ﬂ3WQB"!# C

¦YZ%QZW \ﬂXDCﬁﬀ FE 
RQ'%Q-ﬂX-£$@Q§¦ﬂ ﬂ
Q-X-WZ
EX-Z~QX
2*
-VZ:QZW Q-ZZ
-V
 C

hWZ~(Gﬂ=ﬂ&(Q-X-
kX-Z~QX
%«"ﬂZﬁW&ﬂZ'@Q#yW@Q&3ª:Q
ﬂ

RQZCZQ-V C

 \ﬂXZZX

Qﬂ*Wﬂ\ﬂX-=
-ﬂXﬃ§¦ZA$\ﬂ
-ZW$Q-X
uX-
X-%Q-ZA3#WZXU'{ﬂX-HDC   %ﬂ 2ﬂW3

-W ZV=
ªQ&C

 %ﬂX1ﬂ$SWﬂ\ﬂX- #e  $HG-I Ł4==<'&^ % 
RQ ﬂWZ
-Z$'%ﬂ
ﬂ ﬂWf$ZﬂQ-«"ﬂ

-W*PH©ZQV5
-WZ~QU
-ZA$ZZX-U\]WﬂXﬁ
ªQ-
#	:QUV{X-
 C


´ª:Q

ﬂ

-W"QU{VﬂVXZ@QU\X-W&ﬂﬂZQ
\'X5\ﬂZX©²]G\ﬂXWﬃﬀ' ﬀZZ~QVY«"ﬂ%ªQhﬂWﬂZA«&
-WZQ,Z
-
 ﬁ¦ «"'%XﬁJ
ﬂ
ﬂ{©$"Q-ﬂW±
Z¦YZ
:()Z
RQﬃ'ﬂ
 %LKZ#V£Vﬂ£$@QUﬂGQXpªQ VQ-ZC«"ﬂQ-V C QQﬃ\ﬂXW\ﬂX-ZVQ-V
QﬁQZZ
-V'WfP$
ﬂXﬂZX%X-Z~QX-=ﬂ=
-VZ:QZWC


#Q-X-WZ
%X-Z~QX-
Zﬂ
-Z^X-Q-"ﬂ

-W@Qﬀﬁ
MNC ﬁ
 
K

G,*
 ¶P²d¶ WXX-
\0Wﬂ'@Q .¯¦Yﬂ6ﬂ
=
-Z( \]WZ@Q-
 ﬂ ¨hW±:QZWﬂﬂZ@Q=ﬂV:'ﬂZ

\ﬂX-V£VﬂZP$@Q&C
MDO ﬁ  $HGPI^}Ł)ﬀ =<B&^^²'\0WX#h2ﬂWC
MLQ ﬁ'\ﬂXV
±'
§¦VVﬂZ@Q	ﬁ¦4)QX-"ª:Q,R,/./.0,0132 .U-Z
 
K

G'*
 ŁŁ

C

.QX-©G
-
WrZVGH2ﬂWq\0Qﬂ
-
ZSK:QX$Q-ZZ
-Vﬀ'ﬂ
[bHAﬂ+ﬂ
 
K

G'*
ZﬂﬂXW)ﬂZ
%"Q
ﬂﬂS¨ Z ﬀﬂWWXX-V%Q-ZWl"Q-X-TC:QUO C S5`\ﬂ
Z²8
$\ﬂX©Q-X-
¦ZA$\'^QﬀQ-ZZ
-V
\ﬂXUC
Q9Q 
-W"QbCﬂV
2\'XX\ﬂ\]WXRQﬀNLKZeXQ ( \ﬂXZC$ZX©²S«"ﬂZwWﬂﬂﬂZ~Q3 ﬂﬂ%QX
WXX-V%QZW @QX-C :QLQ C
ﬀﬂ)( WV0Q-

W@Qﬀ\ﬂX-Z
2Wf$\)Q*
Wﬂ
 ¨hWXu$*z¨ ©Q-ﬂX

WXX-Z:QZQ¨h
ﬂV:QXu$ZﬂV
'ﬂ
#
VVﬂZ@Q
-ZA2ﬂV
 C&T\ﬂXZWXZ¯²"Z]ﬁ¦Y:()Z
RQ \'
ﬂyWX-X-V%Q-ZW
@QXDQ :QXO C ZZ 
6VXZ'ﬀ'%ﬂ
 *
ZC2ﬂ%QZW4:Q*
h¨ ©:QﬂX-
=
-X-W@Q=()V
   \'X 

-ﬂZ~Q Qﬁ¦\ﬂ\ﬂXZYQXW@Q#\'
 C


ªQ

ﬂ
Wﬂ
Q-ZQ-ﬂ@Q #
Z{'%'X-ZXvV C


dª:Q
 UQ V{X-
+
-W@Q X-{X-Wﬂ\0V
+'ﬂ
  ﬀﬂXﬂZQ
ﬂ¨hWﬂ C ZZ7ﬁ¦Y
RQ=\0W

-Zﬀﬂ «"ﬂ
-Z7
,g©Z~QV
 
-ﬂXy
,QL­&\]
=ﬂkª:Q
 
-W"Q WZ
-Z
 C 
ﬁ¦
QbH
E«"ﬂG\]WﬂX1SW\ﬂﬂX-$
-ﬂX[   $HGPI8ﬂ 2WC

WX
EX-Z~QX
9C}:Q[Qe²Q-Q-
     	


	


ﬀ	ﬁﬃﬂ
C! FE "$#
%&\]WQ 
-
ﬂX  ﬀﬂX-ZQ ﬂ'&hWﬂ )(Y
RQ=\ﬂﬂ
+*VXZ'V-,HX C! FEPZ@QZ~'V{@/.$@Q 
10Q-

 C32
4,H5,ZQV
2ﬂ*\]*@QﬀﬂW$,G\'%
 KQ-X-*)QZZ
V
1\]WﬂX
Q-Z6.X1ﬀQ!)( ﬂ7.G*%Z
-
Zﬂ"Q-Z,%QZWC  ﬂ5,ﬂﬂ
7)(',XZQ-X-
8.W)ZK@Q 9,W.$\]W
ZQZW=2
-:*X<;ﬂﬁW=*
,WXX-V%QZW
RQ5Z"Q-X-W&ﬂﬂZ~Q?>"ﬂZ3,W@QXZ ﬀﬂﬂ[@& 5,Q-ﬂX9,WXX-/,QZA&8ﬂB,WXX-V%Q-ZW3@QXDCqQ Q
ﬂVC0!V/*W>"ﬂV CW.7. Z0)(Y:()Z
RQ1\'
ﬃﬂ=
-ZD.2ﬂQZWG\]XE.QQ!@Qﬃ)(Y
RQZD.$X
F&hX-5,Q-ZWﬂ
#
0Q
	 Q	V{X
ﬂﬂ
5=WQX"!#F;'G& 5,Q-ﬂX 9IHKJ

 L:M
& I
ﬂ1\0Q	\'
 K:QX[ﬂV:QXE.ZﬂV C '& 5,:QX

Q)(V3X8ﬀﬂZQ-XZX-/.$"Q   ﬃC\0ﬂ'@Q$N(Y4,HO,ZQ-V*ﬂC 
ﬂX
+0Q

ﬂ

RQ$\] 
ﬂ
Z ﬀﬂ
)(P*%X-Z%QZWﬂ
2Q,R& 5,:QX7,WX-X<,Q-ZD&S,W.4.$@.W@QX` '{ﬂX HDC  	T5C12
U*%X-Z%QZWﬂ

ﬂq '{ﬂX HDC  	Tl
-W@Q`\ﬂX-Z
-
3V,W.\Q6'%ﬂ
4W(
QZD.GQZW}ﬂ
`XX-X-
4
%&
QV/.GQZ6>"ﬂ

#*WZXYX HDC 45C  ﬃC
8
%-C
(Z+*-,A.-021 \0Q.ﬂW=,KQX Q-ZZ
-V3\0WﬂX[.
-X-X.W(4,H5,ZQV`ﬂ C! FE 'ﬂ
.
*ﬂWﬂﬂV

(B,J)
clκFacteur correctif 
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0.41
0.415
0.42
0.425
0.43
0.435
0.44
Efficacité d’identification des jets b avec JLIP Medium.
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b-tag and c-tag efficiencies in MC  (JLIP<0.5%)
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ratio of taggging efficiencies in MC  (JLIP<0.5%)
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ratio of QCD/EM1TRK negative tags with JLIP
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